
AD-A956 129itIIIl liiil Ili III II t~It

0 .-- 0
O- -t

Technical Document 116
Volume 1

NUMERICAL ELECTROMAGNETICS
CODE (NEC) - METHOD OF MOMENTS

A user-oriented computer code for analysis of the
electromagnetic response of antennas and other metal structuraos

Part I. Program Description-Theory
Part Ih: Program Description-Code

"(Vol 2 contains Part III: User's Guide),

GJ Burke and AJ Pogio
(Lawrence Livermore Laboratory)

January 1981
Prepared by

LAWRENCE LIVERMORE LABORATORY
(Report UCID 18834)

Prepared for
NAVAL, ELECTRONIC SYSTEMS COMMAND

Approved for puolic release; distribution unlimited (NAVELEX 3U-41)

NAVAL OCEAN SYSTEMS CENTER
SAN DIEGO, CALIFORNIA 92152



NAVAL OCEAN SYSTEMS CENTER,SAN DIEGO, CA S21S2

AN AC'TIVITY OF T-HE NAVAL MATERIAL COMMAND

SL GUILLE, CAPT, USN HL BLOOD
Command~r Technical Director

ADMINISTRATIVE INFORMATION

Work was performed by GJ Burke and AJ Pogglo, of the Lawrence Livermore
Laboratory, under MiPR-NO095376MP, as part of Program Element 62543N, Project
XF43453401 (NOSC 8105-CM41) for Naval Electronic Systems Command, NAVELEX
3041, This document covers work up to September 1980,

Released by Under authority of
MS Kvigne, Head HD Smith, Head
Communications Research and Communications Systems and

Technology Division Technology Department



UCID- 18834

VTIV, QULITY

NUMERICAL ELECTROMAGNETICS CODE (NEC) -~. .

METHOD OF MOMENTS

PART 1: PROGRAM DESCRIPTION -THEORY

Av:t

G. J. Burke
A. J. Pogglo7

January 1981

.44.

................. ..

rhis issoriInformal report Intended prhriarll,. for Inlernal or lnimied ,wernal distribution. The
opinions and conclusions sated~ are those or the author and mnay ofrnpmý not be those of the
Laboratory,
Work performerd under the auspices of the U.S. Department of Energy, by the
Lawrence Livermore National Laboratory under Contract W-7 405--Eng-46'

0 0



DISCLAIMER

This document was prepared as an account of work sponsored by an qaency of the United States Government.
Neither the United States Government nor the University of California nor any of their employees, makes any
waorrnty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefuilness of any information, apparatus, product, or process disclosed, or represents that its use would not
Infringe privately owned rights, Reference herein to any specific commercial products, process, or service by
trade name, trademark, manufacturer, ot otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or the University of California. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the United States Government
or the University of California. and shall not be used for advertising or product endorsement purposes,

Printed in the United Stain of Amsiics

Avallible from
National Technical Informatlon Service

U.S Dpartment of Commerce
520k Pori Royal Road
Spngrfield. VA 21161

Price Page
Code Ranie

A01 Microfiche

Papercopy Prices

A02 001-050 0 "

A03 051-100
A04 101-200
A05 201-300
A06 301-400
A07 401-500
A08 $01-600
A09 601



UNCLASSIFIED
iECUAITY CLASSIFICATION OF THIS PAGE (Wh.on Data Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
REPORT__ DOCUMENTATION _PAGE_ BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

NOSC Technical Document 116 (TD 116) vol 1
4. TITLE (anud subtItle) NUMERICAL ELECTROMAGNETICS CODE L. TYPE OF REPORT A P1RI1O0 COVERED

(NEC) - METHOD-M OMENTS; A user-oriented computer Technical document
code for analysis of the electromagnetic response of antennas and Up to September 1980
other metal structures S. PaRIFORMING ONG. REPORT NUMBER

/P'' UCID 18834
7. AUTNORfo) B. CONTRACT OR GRANT NUMCERI'.)

GJ Burke and AJ Pogglo / MIPR.N0095376MP
Lawvrence Livermore Laboratory

S. PERFORMING ORGANIZATION NAME AND ADDRESS Io. PROG1RAM 1 J1.EME , PROJC1T, TASK
ARAa SWO UNIT UMe IRSNaval Ocean Systems Center (Code 8112) PE 62543N, ProjectSan Diego CA 92152 XF43453401 (NOSC 8105.CM41)

ii, CONTROL..LING OF FICE NAME AND ADDRESS 1. REPORE T OATS
Naval Electronic Systems Command January 1981 - latest revision
NAVELEX 3041 1s, NUMBER OP PAGE (as revised)
Washingon DC 20360 Part 1-81; Part 11-433

1a. MONITORINO AGENCY NAME 6 AODRESI(lI dllffrent Item Conotrollnl Offie.) I1. SECURITY CLASS, (of tie treport)

Unclasified

"15V, D+C~6ASIFI ATI ON/DOWN GRADING

IS. oISTRIIUTION STATEMENT (oW thi. Report)

Approved for public release; distribution unlimited

"17, DISTRISUTION STATEMENT (of the absreact emtered In Wleek 20, It ditformit from Repor)

1S, SUPPLEMENTARY NOTES
Volume 1 contains Part I: Program Description - Theory (revised 2 January 1980)

Part 11: Program Description - Code (revised January 198 )
Volume 2 contains Part III: User's Guide (revised 2 January 1980)

"1S, KEY WORDS (Continue on reveree sde Itn'eieroar, .nd Identify by' block number)
Numerical Electromignetics Code (NEC-2)
Numerical analysis
Antenna response
Electromagnetic radiation

20, AIMTRACT (Continue on reverse side it necessary a'md Identify by block number)

The Numerical Elactromagnetics Code (NEC.2) is a computer code for analyzing the electromagnetic
response of an arbitrary structure consisting of wires and surfaces in free space or over a ground plane, The analysis
is accomplished by the numerical solution of integral equations for induced currents. The solution includes a
Numerical Green's Function for partitioned-matrix solution and a treatment for losay grounds that is accurate for
antennas very close to the ground surface. The excitation may be an incident plane wave or a voltage source on a
wire, while the output may include current and charge density, electric or magnetic field in the vicinity of the
structure, and radiated fields. Other options compute the maximum coupling between antennas and facilitate

DD I 'ANm, 1473 EDITION OF I NOV S5 IS ONSOLETES/N O 02E .O14.6SU1 UNCLASSIFIED
SECURITY CL.ASSIFICATION OF THIS PA0li (When Date, Entered)



UNCLASSIFIED
SECUF41TY CLASSIFICATION OF THIS PAGE (WIhen Calm Entered)

structure input. Hence the code may be used for antenna analysis, EMI!, or scattering studies.

Part I of the document includes the equations on which the code is based and a discussion of the approxi.
matlons and numerical methods used in the numerical solution. Some comparisons to demonstrate the range of
accuracy of approix'timions are also included. Details of the coding and a User's Guide are provided as parts 11 and
III, respectively.

4,

(

UNCLASSI FIED
$UCUMITV CLAISIPICATION OF THIS PAGErWmn DCalm Entered)



Preface

The Numerical Electromagnetics Code (NEC) has been developed at the

Lawrence Livermore Laboratory, Livermore, California, under the sponsorship

uf the Naval Ocean Systems Center and the Air Force Weapons Laboratory.
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Engineering Center, U.S. Army ECOM/Communications Systems, U,S. Army Strategic

Communications Command, and Rome Air Development Center under Office of Naval

Research Contract N00014-71-C-0187. The present version of NEC is the result

of efforts by G. J. Burke and A. J. Pogglo of Lawrence Livermore Laboratory.

The documentation for NEC consists of three volumes:

Part I: NEC Program Description - Theory

Part II: NEC Program Description - Code

Part III: NEC User's Guide

The documentation has been prepared by using the AMP documents as

foundations and by modifying those as needed. In some cases this led to minor

chadges in the original documents while in many cases major modifications were

required.
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and are acknowledged here as follows:

R. W, Adams R. J. Lytle

J. N. Brittingham E. K. Miller

G. J. Burke J. B. Morton

F. J. Deadrick G. M. Pjerrou

K. K. Hazard A. J. Poggio

D. L. Knepp E. S. Selden

D. L. Lager

The support for the development of NEC-2 at the Lawrence Livermore Laboratory

has been provided by the Naval Ocean Systems Center under MIPR-NO095376P'.

Cognizant individuals under whom •his project was carried out include:

J. Rockway and J. Logan. Previous development of NEC also included the support

of the Air Force Weapons Laboratory (Project Order 76-090) and was monitored by

J. Castillo and TSgt. H. Goodwin.

Work was performed under the auspices of the U.S. Department of Energy. under contract No. W-7405-Eng-48. Reference to a company or product name



does not imply approval or recommendation of the product by the University

of California or the U.S. Department of Energy to the exclusion of others

that may be suitable.
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Section I
Introduction

The Numerical Electromagnetics Code (NEC-2) is a user-oriented computer

code for the analysis of the electromagnetic response of antennas and other

metal structures. It is built around the numerical solution of integral

equations for the currents induced on the structure by sources or incident

fields. This approach avoids many of the simplifying assumptions required by

other solution methods and provides a highly accurate and versatile tool for

electromagnetic analysis.

The code combines an integral equation for smooth surfaces with one

specialized to wires to provide for convenient and accurate modeling of a wide

range of structures. A model may include nonradiating networks and transmission

lines connecting parts of the structure, perfect or imperfect conductors, and

lumped-element loading. A structure may also be modeled over a ground plane

that may be either a perfect or imperfect conductor.

The excitation may be either voltage sources on the structure or an

incident plane wave of linear or elliptic polarization. The output may include

induced currents and charges, near electric or magnetic fields, and radiated. fields. Hence, the program is suited to either antenna analysis or scattering

and £14 studies. NEC and its predecessor AMP have been used successfully to

model a wide range of antennas including complex enviro:nents such as ships.

Results from modiling several antennas with NEC are shown in refs. 36, 37,

and 38 with measured data for comparison.

The integral-equation approach is best suited to structures with dimen-

sions up to several wavelengths. Although there is no theoretical size limit,

the numerical solution requires a matrix equation of increasing order as the

structure size is incteased relative to wavelength. Hence, modeling very large

structures may require more computer time and file storage than is practical on

a particular machine. In such cases standard high-frequency approximations

such as geometrical or physical optics, or geometric Lheory of diffraction may

be more suitable than the integral equation approach used in NEC.

Tne code NEC-2 is the latest in a series of electromagnetics codes, each

of which hos built upon the previous one. The first in the series was the code

BRACT which was developed at KBAssociates in San Ramon, California, under the.finding of the Air Force Space and Missiles Systems Organization (refs. I and

S 2). BACT was specialized to scattering by arbitrary thin-wire configurar.ions.



The code AMP followed BRACT and was developed at MBAssociates with

funding from the Naval Research Laboratory, NavaL Ship Engineering Center,

U.S. Army ECOM/Communications Systems, U.S. Army Strategic Communications

Command, and Rome Air Development Center under Office of Naval Research

Contract N00014-71-C-0187. AMP uses the same numerical solution method as

BRACT with the addition of the capability of modeling a structure over a

ground plane and an option to use file storage to grt.atly increase the maximum

structure size that may be modeled. The program input and output were

extensively revised for AMP so that the code could be used with a minimum of

learning and computer programming experience. AMP includes extensive

documentation to aid in understanding, using, and modifying the code (refs,

3, 4 and 5),

A modeling option specialized to surfaces was fdded to the wire model-

ing capabilities of AMP in the AMP2 code (ref. 6). A simplified approximation

for large interaction distances was also included in AMP2 to reduce running

time for large structures.

The code NEC-1 added to AMP2 a more accurate current expansion along

wires and at multiple wire junctions, and an option in the wire modeling

technique for greater accuracy on thick wires. A new model for a voltage

source was added and several other modifications made for increased accuracy

and efficiency.

NEC-2 retains all featires of NEC-I except for a restart option. Major

additions in NEC-2 are the Numerical Green's Function for partitioned-matrix

solution and a treatment for lossy grounds that is accurate for antennas very

close to the ground surface. NEC-2 also includes an option to compute maximum

coupling between antennas and new options for structure input.

Part I of this document describes the equations and numerical methods

used in NEC. Part III: WEC User's Guide (ref. 7) contains instructions

for using the code, including preparation of input and interpretation of

output. Part II: WEC Prograw Description - Code (ref. 8) describes the

coding in detail. The user encountering the code for the first time should

begin with the User's Guide and try modeling some simple antennas. Part II

will bu of interest mainly to someone attempting to modify the code.

Reading part I will be useful to the new user of NEC-2, however, since an

understanding of the theory and solution method will assist in the proper

application of the code.
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Section II
The Integral Equations For Free Space

The NEC program uses both an electric-field integral equation (EFIE)

aind a' magnetic-field integral equation (MFIE) to model the electromagnetic

response of general structures. Each equation has advantages for particular

structure types. The EFIE is well suited for thin-wire structures of small

or vanishing conductor volume while the MFIE, which fails for the thin-wire

case, is more attractive for voluminous structures, especially those having

large smooth surfaces. The EFIE can also be used to model surfaces and is

preferred for thin structures where there is little separation between a

front and back surface. Although the EFIE in specialized to thin wires in

this program, it has been used to represent surfaces by wire grids with

reasonable success for far-field quantities but with variable accuracy for

surface fields. For a structure containing both wires and surfaces the EFIE

and MFIE are coupled. This combination of the EFIE and MFIE was proposed

and used by Albertsen, Hansen, and Jensen at the Technical University of

Denmark (ref. 9) although the details of their numerical solution differ from

those in NEC. A rigorous derivation of the EFIE and MFIE used in NEC is given. by Poggio and Miller (ref. 10). The equations and their derivation are

outlined in the following sections.

1. THE ELECTRIC FIELD INTEGRAL EQUATION (EFIE)

The form of the EFIE used in NEC follows from an integral representation

for the electric field of a volume current distribution J,

E . f r(;') . Gr r') dV' (1)4rlk(
V

wh'.ere

F (') r (k I + VV)g(r, r'),

g('&, r') - exp(-Jklr - r r

0 0

00

-- 3--



and the time convention is exp(jwt). T is the identity dyad (AR + Y9 + •2).

When the current distribution is limited to the surface of a perfectly

conducting body, equation (1) becomes

with the surface current density. The observation point r is restricted

to be off the surface S so that r 0 r'.

If r approaches S as a limit, equation (2) becomes

S¢,) •. ro ¢, 7') ,A 3

where the principal value integral, Is indicated since g(r, r') is now

unbounded.

An integral equation for the current induced on S by an incident field

can be obtained from equation (3) and the boundary condition for r e S,

nI r) laoEr , (4)

where r) is the unit normal vector of the surface at r and tE is the field
due to the induced current J.4 Substituting equation (3) for to yields the

integral equation,

A(4) 1 * -Th -

_n~) t(r a4'rk fi(r)

)• (k I + 77)&(r, r') dA'. (5)

The vector integral in equation (5) can be reduced to a scalar integral

equation when the conducting surface S is that of a cylindrical thin wire,

thereby making tne solution much easier. The assumptions applied for a thin

wire, known as the thin-wire approximation, are as follows:

a. Transverse currents can be neglected relative to axial currents

on the wire.

b. The circumferential variation in the axial current can be neglected.

c. The current can be represented by a filament on the wire axis.

-4-



d. The boundary condition on the electric field need be etiforced in

the axial direction only..

These widely used approximations are valid as long as the wire radius is

much less than the wavelength and much less than the wire length. An

alternate kernel for the EFIE, based on an extended thin-wire approximation

in which condition c is relaxed, is also included in NEC for wires having too

large a radius for the thin-wire approximation (ref. 11).

From assumptions a, b and c, the surface current I (r) on a wire of

radius a can be replaced by a filamentary current I where

I a) 2iraJ*(r),

s a distance parameter along the wire axis at r, and

s a unit vector tangent to the wire axis at r.

Equation (5) then becomes

-n('r) X E r)*4Ttk tir60

I(s')(k2' - 7.T g(',') ds', (6)

where the integration is over the length of the wire. Enforcing the boundary

condition in the axial direction reduces Eq. (6) to the scalar equation,

-s E ( r) 4* r L A)K

;2 -
ass)g(r, r') ds'.(7

Since r' is now the point at a' on the wire axis while r is a point at s on

the wire surface Ir - r'l j a and the integrand is bounded.

2. THE MAGNETIC FIELD INTEGRAL EQUATION (MFIE)

The MFIE is derived from the integral representaLion for the magnetic

field of a surface current distribution Js$

-5-



Hs(r) f - ('') x V1 g(r, r') dA', (8)
S .

where the differentiation is with respect to the integration variable r'.

If the current is induced by an external incident field Al, then the total

magnetic field inside the perfectly conducting surface must be zero. Hence,

for r just inside the surface S,

Cr) + H C'r) - 0, (9)

where 1 is the incident field with the structure removed, and V is the

scattered field given by equation (8). The integral equation for m =ay be-B
obtained by letting r approach the surface point r0 from inside the surface

along the normal f(ro). The surface component of equation (9) with equation

(8) substituted for is then

urnr

V, g(;, r') dA',

wher R(ro ) is the outward directed normal vector at r0o The limit can be
evaluated by using a result of potential theory (ref. 12) to yield the

integral equation

"n(r 0 xH (•0o) Ja(ro) +

o of 25

47t s n(r0)) X I(I V' g(r ., ) r " (10)

For solution in NEC, this vector integral equation is resolved into two

scalar equations along the orthogonal surface vectors f1 and f2 where

S4 e2 () -. -+

-6-



By using the identity u . (v x w) - (u x V) • W and noting that i x A -_E2

and '2 x a fl' the scalar equations can be written,

2(ro ) 9 (4r )• a (ro •

20 01(r)X V ' 0 "P)0W

S

1 0 0 2 ~2 o *

1 J io) . gf--,) 711• ( 'ro dA'. (12)

These two components suffice since there is no normal component of equation
(10)..

3. THE EFIE-MFIE HYBRID EQUATION

Program NEC uses the EFIE for thin wires and the MFIE for surfaces. For* -.
a structure consisting of both wires and su•faces, r in equation (7) is

restricted to the wires, with the integral for I (r), extending over the

complete structure. The thin-.wire form of the integral in equation (7) is

used over wires while the more general form of equation (5) must be used

on surfaces. Likewise, r is restricted to surfaces in equations (.1) and

(12), with the integrals for H (r) extending over the complete structure. On

wires the integral is simplified by the thin-wire approximation. The

resulting coupled integral equations are, for r on wire surfaces,

Iji -. 1) 2A 0At 82 + 4.) de'

in 
V14"t * r * k f P(' k ý s &( W (1- )

Si
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and for r on surfaces excluding wires

1r) (r) I it X

L

2 lT 2

- E2r [1.(-P x W,~ (14

47r 1 S

0 10

1-3

The symbo. l represents integration over wires whiLle I$ representse

i[nt~egratiLon over surfaces excluding wi.res. The numeriLcal met~hod used t~o
solve equations (13), (14) and (15) is described in section 111.

-3-



Section III
Numerical Solution

"-10 The integral equations (13), (14), and (15) are solved numerically in

NEC by a form of the method of moments. An excellent general introduction to
the method of moments can be found in R. F. Harrington's book, Field

Comgutation by Moment Methods (ref, 13). A brief outline of the method

follows.

The method of moments applies to a general linear-operator equation,

Lf = e, (16)

where f is an unknown response, a is a known excitation, and L is a linear

operator (an integral operator in the present case). The unknown function f

may be expanded in a sum of basis functions, fit as

N
f- . 1 f . (17)

jl

A set of equations for the coefficients a are then obtained by taking the

inner product of equation (16) with a set of weighting functions Iwii,

<wi, Lf> w <wi, e> 1 t 4 .N a(18)
£ l• 1, N

Due to the linearity of L equation (17) substituted for f yields,

N
Saj <w,, Lf > W <wi, e> 1

0 i - l1, .,, N ,

This equation can be written in matrix notation as

[G] [A] - [E] , (19)

where

Gij a <w,, Ly

A *j a

E± 0 <Wi, e>

-9-



The uolution is then

(A] - (G]) (E]

For the solution of equations (13), (14), and (15), the inner product is

defined as

<f, 8> - f (r)sr)dA,

where the integration is over the structure surface. Various choices are

possible for the wei3hting functions (wI) and basis functions {f j). When
wi " fi, the procedure is known as Galerkin's method. In NEC the basis and

weight functions are different, wi being chosen as a set of delta functions

w e(r) a•(' - ' ,i

with {(i) a set of points on the conducting surface. The result is a point

sampling of the integral equations known as the collocation method of solution.

Wires are divided into short straight segments with a sample point at the

center of each segment while surfaces are approximated by a set of flat patches
or facets with a sample point at the center of each patch.

The choice of basis functions is very importint for an efficient and

accurate solution. In NEC the support of fi is restricted to a localized

subsection of the surface near r i, This choice simplifies the evaluation of

the inner-product integral and ensures that the matrix G will be well condi-

tioned. For finite N, the sum of f cannot exactly equal a general current

distribution so the functions fi should be chosen as close as possible to the
actual current distribution. Because of the nature of the integral-equation

kernels, the choice of basis function is much more critical on wires than on

surfaces. The functions used in NEC are explained in the following sections.

1. CURRENT EXPANSION ON WIRES

Wires in NEC are modeled by short straight segments with the current on

each segment represented by three terms - a constant, a sine, and a cosine.

This expansion was first used by Yeh and Mai (ref. 14) and has been shown to
provide rapid solution convergence (ref. 15 and 16). It has the added advan-

tage that the fields of the sinusoidal currents are easily evaluated in closed

form. The amplitudes of the constant, sine, and cosine terms are related such

-10-



that their sum satisfies physical conditions on the local behavior of current. and charge at the segment ends. This differs from AMP where the current was

extrapolated to the centers of the adjacent segments, resulting in disconti-

nuities in current and charge at the segment ends. Matching at the sepent

ends improves the solution accuracy, especially at the multiple-wire junctions

of unequal length segments where AMP extrapolated to an average length segment,

often with inaccurate results.

The total current on segment number j in NEC has the form

Ij~ - Aj i+ B sin k(s-s5) + C cos k(s-s 1 ) (20)

where o is the value of a at the center of segment j and A is the length of

segment J. Of the three unknown constants Ai, Bi, and Ci, two are eliminated

by local conditions on the current leaving one constant, related to the

current amplitude, to be determined by the matrix equation. The local

conditions are applied to the current and to the linear charge density, q,

which is related to the current by the equation of continuity

0 w-w jwq . (21)

At a junction of two segments with uniform radius, the obvious

conditions are that the current and charge are continuous at the junction.

At a Junction of two or more segments with unequal radii, the continuity of

current is generalized to Kirchoff's current law that the sum of currents

into the junction is zero. The total charge in the vicinity of the Junction

is assumed to distribute itself on individual wires according to the wire

radii, neglecting local coupling effects. T. T. Wu and R. W. P. King

(ref. 17) have derived a condition that the linear charge density on a wire

at a junction, and hence ai/as, is determined by

a- -) 0 (22)
aI s) at junction 7nT

where a - wire radius,

0k w 2n/, A
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Y w 0.5772 (Euler's constant).

Q is related to the total charge in the vicinity of the junction and is

constant for all wires at the junction.

At a free wire end, the current may be assumed to go to zero. On a

wire of finite radius, however, the current can flow onto the end cap and

hence be nonzero at the wire end. In one study of this effect, a condition

relating the current at the wire end to the current derivative was derived

(ref. 18). For a wire of radius a, this condition Is

-(S's ) 1 (ka) U1(L9)
Is at and k o is at end

where J and J are Bessel functions of order 0 and 1. The unit vector RC is

normal to the end cap. Hence, a ' 9 is +1 if the reference direction, i, is

toward the end, and -1 if S is away from the end.

Thus, for each segment two equations are obtained from the two ands:

Ij(5j ± L/2) a* . 1(ke]) 1 I 1 (23)

at free ends, and

al (Q
/ -ns.-)-- (24)

at junctions. Two additional unknowns Q and Q are associated with the

junctions but can be eliminated by Kirchoff's current equation at each

Junction. The boundary-condition equations provide the additional equation-

per-segment to completely determine the current function of equation (20)

for every segent.

To apply those conditions, the current is expanded in a sum of basis
functions chosen so that they satisfy the local conditions on current and

charge in any linear combination. A typical set of basis functions and their

sum on a four segment wire are shown in figure 1. For a general segment ± in

figure 2, the ith basis function has a peak on segment i and extends onto
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Figure 1. Current Basis
Functions and Sum on a
Four Segment Wire.

N + Figure 2. Segments
Covered by the ith/ e Basis Function,

every segment connected to i, going to zero with nero derivative at the outer

ends of the connected segments.

The general definition of the ith basis function is given below. For

the junction and end conditions described above, the following definitions

apply for the factors in the segment end conditions:

ai ai -) , (25)

and

X So J1 (ka )/J0(kai 13-

13I



The condition of zero current at a free and may be obtained by setting Xi to
zero.

The portion of the tth basis function on segent i is then

fo(s) - + BO sin k(s - s) + C coo k(M - sa) (26)

i - o1i <6/2

If N" 0 0 and 0# , end conditions are

a o(a) a :, (27)
a. ± •* st - /2

fo(s) -aQ•+ . (28)
as ±- + A /2

If N" 0 and N+ 0, end conditions are

f1 " (0 ) (29)
i i i k i 8o ±1 3 6 /2

0 (m) -a; ++. (30)
f, + 6i 1 /2 1Q

If N" 0 0 and N+ a O, end conditions are

I( , f 0 (Q , (31)

(+ /2) x j fj.) . (32)°(i + k:.2- X, as 1i 6. .t •/2

Over segment* connected to end 1 of segment i, the ith basis function is

f (s) - + B sin kM$ I + C cooks a (33)

Is - sjI < 1t/2 j - 1, ... N" .
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End conditions are

C(s - A./2) - 0 (34)

a. ) 1,., -f/2 , (35)

a.j is + 44/2

Over segment$ connected to end 2 of sapent 1, the Ith bacis function is

'f()-+ + +
f + (S) mA ++ B + uinkMs a1  + C+ooks a(7Aj+I~ •. (--il j o kl( - s) (3?)

4 /2 j 6i," -j u) A< 2 j - 1, ... , .

End conditions are

(5 (39)

(a + A ) (40)

W ff+(a) +0 (40)

Equations (26), (33), and (37), defining the complete basis function,

involve 3(N" + N + 1) unknown constants. Of these, 3(N" + N +) + 2 unknowns

are eliminated by the end conditions in terms of Q_ and Q which can then be

determined from the two Kirchoff's current equations:

N
( J 1 /2) - fo(s - A /2) and (41)

i-I

N +
j f+(sj - 1/2) - fi(si + 'i/2) . (42)
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The complete basis function is then defined in terms of one unknown

constant. In this case A was set to -1 since the function amplitude is

arbitrary, being determined by the boundary condition equations. The final

result is given below:

A sin k L(

B- 0 - (44)
j 2 cos k A/2 7

Cj a sin kL/2)

+ - 1 4 (476)Aj s in k t~j

ej-2Cos k6j/12 '(7

C+ a; Qi (4-
c 2 uin k L1/2 (48)

For N- 0 and N + 0,

AO .i 1 (49)

o ( " i sin k 6 /2(i-a: Q•÷~ ,nai'(O

o (4+ ,)cos k Y/2
Co w (a7 Q- " -i Qi s-n k '-



a+(1 - cos k A) -P sin k 6(Q-• " + - + ÷ (52)

"S :a÷) )k1 .. ..-ýP P+a-o+)snk, +a(P a a- cosk A

a7,(cos k 6,-1) - p- sin k A+ p -+ (53)

(P- P+ + a- +) sin k 41+ (P; a+ - P+ a-~osA

For N"- and O•,

A - , (54)

uin k Al1 2/2 + + cos k A 1,/2,- X sin k A /2
Bi" co-n k Lihn i + a i "Qicos k A -X sin k At

(55)

0 coo k /2 + + sin k At/2 + Xi cos k Ai/2

± cos k - i sin k 6 i 1 1 cos k 0-X sin k" 6

+ 
cos k 1 - x i sin k 1  

(56)

(sai i)!in k /i+ (a+ X P )cos k A

For N" 0 and N+ 0,

AO . 1 (58)

0 - sin k 6 /2 con k A /2 - X sin k 6t/2
B a coo k 6 -x isink Ai + aiQi cook Li-X sin k i '

(59)

0 corn k Ai/2 sin k A1 /2 + X+ cos k L1 /2

I cos k"A x" sin k"•1  a Q± con k A i " x sin k 6

(60)

1 - coo k A + Xi sin k (61

(a- - X1 P-)sin k Ai +(P+X a-)-cos kL
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For all cases,

N I -*coosk A~a+ (2
I I~ sinkA 0(2

P+ co(o k )

PI IJ (2inkA-l aj ' (63)

where the sum for P7 is over segments connected to end 1 of segment I, and

the sum for P is over segments connected to end 2. If M- a N 0, the

complete basis function is

f cor Me -a .) (64)
I ± cos ktA/2 - XL sn

When a segment end is connected to a ground plane or to a surface

modeled with the HFIE, the end condition on both the total current and the

last basis function is

as •) s. %/2 0 *

replacing the zero current condition at a free end. This condition does
not require a separate treatment, however, but is obtained by computing the

last basis function as if the last segment is connected to its Image segmant

on the other side of the surface.

It should be noted that in AMP, the basis function f has unit value at

the center of segment I and zero value at the centers of connected segments
although it does extend onto the connected segments. As a result, the

amplitude of f is the total current at the center of segment 1. This is noc

true in NEC so the current at the center of segment i must be computed by

summing the contributions of all basis futctions extending onto segment I.

2. CURRENT EXPANSION ON SURFACES

Surfaces on which the MFIE Is used are modeled by small flat patches.
The surface current on each patch is expanded In a set of pulse functions

except in the region of wire connection, as will be described later. The 0s
pulse function e:xpansion for N patches is
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N
p -~ (65)"~ (J l +3 e2) V(r),(5

0 i lj + 2je2j Vj rJu-1

where

2J "2 1(;l)

r position of thd center of patch number J

V(r)- I for on patch J and 0 otherwise.

The constants Jlj and jij' representing average surface-cuerent density

over the patch, are deterined by the solution of the linear system of

equations derived from the integral equations. The inteSr.als for fields,

due to the pulse basis functionf, are evaluated numerically in a single step

to that for integration, the pulses nould be reduced to delta functions'at

the patch centors, That this simple approximation of the current yields good

accuracy is one of the advantages of the MIE for surfaces.

A more res.alitic representation of the surface current is needed,

however, in the region where a wire connects to the surface The treatment

used in NEC, affecting the four coplanar piatches about the connection point,

is quite similar to that used by Albertman et &l. (ref. 9). In the region

of the wire connection, the surface current contains a singular component

due to the current flowing from the wire onto the surface. The total surface

current should satisfy the condition,

Vs 3 2 (x,y) - Jo(Xy) + I 0o(x,y)

where the local coordinates x and y are defined in figure 3, 7 denotes

surface divergence, J (x,y) is a continuous function in the region ABCD,

and I1 is the current at the base of the wire flowing onto the surface. One

expansion which meets this requirement is

4
II I I I II I +II g I I I I Q ? I) (66)
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where

a XL 0I(x,y) - R.x * W9

2 2121t(x + y2)

3 Y,
dY

44 A (xj~j (uty) at I the dene ~r of patchj gXjiY)

d J. he Interpolation functions gj(x,y)

D x are chosen such'that: Ij(x,Y) is
differentiable• on BCDO' 8(x.•,Yi)•

Figure 3. Detail of th d; and t Ib (xY) - 1. je s
Connection of a Wire t j, I, The specific
a Surface. functionsJed in NEC are as follows:

g1 (x,y) x -y) d-(d-dx)(dyy)
4d2 2d2x)(d+y)

g3 (x,y) - (d-x)(d-y) 4(X. y) - (d+x)(d-y)

4d2 4d

Equation (66) ts used when computing the electric field at the center

of the connected wire segment due to the surface current on the four sur-

rounding patches. In computing the field on any other segments or on any

patches, the pulse-function form is used for all patches including those at

the connection point. This saves integration time and is sufficiently

accurate for the greater source to observation-point separations involved.

3. EVALUATION OF THE FIELDS

The current on each wire segment has the form

Ii Ai + Bi sin k(s - sj) + CI coo k(s - st) (67)

Is -oil < Ai/2,

where k - w4io -, and Ai is the segment length. The solution requires the

evaluation of the electric field at each segment due to this current. Three
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approximations of rho integral equation kernel are used: a thin-wire form

for most cases, an extended thin-wire form for thick wires, and a current

O element approximation for large interaction distances. In each case the

evaluation of the field is greatly simplified by the use of formulas for the

fields of the constant and sinusoidal current components.

The accuracy of the thin-wire approximation for a wire of radius a&and

length A depends on ka and A/a. Studies have shown that the thin-wire

approximation leads to errors of leus than 11 for A/a greater than 8 (ref. 11).

Furthermore, in the numerical solution of the EZl?, the wire is divided into

segments less than about 0.1) in length to obtain an adequate representation

of current distribution thus restricting ka to less than about 0.08., The

extended thin-wire approximation is applicable to shorter and thicker segments,

resulting in errors less than 12 for Al/a greater than 2.

For the thin-wire kernel, the source current is approximated by a

filament on the segment axis while the observation point is on the surface of

the observation segment. The fields are evaluated with the source segment on

the axis of a local cylindrical-coordinate system as illustrated in figure 4.

z Figure 4. Current-
Filament Geometry

_ P p for the Thin-Wire
Kernel.

r 0
a2

z

S,,y

X
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Then with

G 0 a exp(-jkr 0 )/ro , (68)

"r =02 + ( 21)21 , (69)
.4

the p and a components of the electric field at P due to a sinusoidal current

filament of arbitrary phase,

I - sin(kz' - ), ) 1 2 1 ' < Z 2 2 (70)

are

f ,f) I G-,•0 +Io
0 ~2k2 APas0

(71)
S(z'-) G • '2

*1

E f (__. Z 0 (72)2k2; Aa II

For a current that is constant over the length of the segment with strength

I, the fields are

E1 (P±. I Z - 2 0 (73)

•fp~) -U- __,

SX2k 2  
9 "1

f I (j ' 2 '2
Z(o.:) * r 2 041 + k J Godz'~ (74)

2k J;Tz 1

These field expressions are exact for the specified currents. The integral

over z' of i 0s evaluated numerically in NEC.
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Substituting mine and cosine currents and evaluating the derivatives

yields the following equations for the fields. For

10o \con k') * (75)

2 f(pox) in#" G k(z.:') (cao hi'
2k 2p (-sin ks')

.(76)

+ 1- (a-u') 2(1+jkr ) Ii ( in kz:' 12
a 2 co / ks' a13

) 'C.o. h,'
x (2k 2 0o (-sin kh')

(77)

"- (l+jkr )(Z'z) . (sin kz' 2'
0 r 2 (cooskz /I

r0 z1

O For a constant current of strength 1.,

P72k 2 0 r

Ez(PIz) = - r )(22 2

(79)

+ k2 fz2 Go dz'.
"zi

Despite the seemingly crude approximation, the thin-wire kernel does
accurately represent the effect of wire radius for wires that are sufficiently
thin. The accuracy range was studied by Poggio and Adams (ref. 11) where an

-23-



extended thin-wire kernel was developed for wires that are too thick for the

thin-wire approximation.

The derivation of the extended thin-wire kernel starts with the current

on the surface of the source segment with surface density,

J(z') a I(z')/(2wr)

where a is the radius of the source segment. The geometry for evaluation

of the fields is shown in figure 5. A current filament of strength Ido/(2r)

is integrated over 0 with

P' A 2 + a2 _aP cog 1/2, (80)

r * + (z-z 9)2]'2) (81)

Thust the z component of the field of the current tube is

E t (P,z) L 27J E f(p',z)dO (82)

2
Figure 5. Current

P Geometry for the
Extended Thin-Wire

P Kernel.

zz

2' 
z

-24y
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For the p cu.mpomnent of field, tha chanqe In the direction of ~'must be. ~ considered. The. field in the directiont P is

t ~ J 21tfEp(Ppz) - -, f EP(P~ot)(A*A)dO ,* (83)
'0 0

where

a cl

The integrals over *in equations (82) and (83) cannot be evaluated in

closed form. Poggio and Adams* however, have evaluated them as a series in

powers of a 2 (ref. 11). The f 'irst term in the series gives the thin-wire

kernel. for the extended thin-wire kernel, the second term Involving a2in

retained with terms of order a4 neglected. As with the thin-wire kernel,

the field observation point is on the segment surface. Rence, when

evaluating the field on the source segment, p = a.

The field equations with the extended thin-wire approximation are given

below. For a sinusoidal current of equation (70),

(p,:)* -~ 102(84)

- (_Z')02G ]:

E(P,z) a* 1 1' (85)
2k 2, 1Gl rr az'J



For a constant current of strength I0,

P~ g)
*(P 1 1 , (86)

I. 2

2k 2  
1

'22k 2 liaa .2

(87)

a 2  l 2 [IGO

The term u is the series approximation of

"G L f 27G dO, (88)1 2711

where 
C = xp (-jkr)/r.

Neglecting terms of order a4,

G G 1l - * (1+Jkr ) + a [3(i+jkr0  k 2r} 2 (89)

(z-z1 G ~(lsjkr ) - a 2 [3(i+i kr o) k Ir2]
at, r~ 2 ( 2r 2

(90)

a202 [3r3 +k2 r2 _ 1 kr0)Jk
4 I I 0 - 0 . .
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3G pG (2r21
1 _ - -- (+Jkr ) _ . 3(1+jkr k 2r

ap r (2 0 r 2  O 0
00-

(91)

jk ir 3 + 6k 2 V2  15(1+ikr )II

4r 4  "0 0 0) •
0

The term G(2 is the series approximation of

G-t 2° " a Cos $G dO (92')
2 27f ,2 .(2

To order a2,

G -2 + s`0 [3(1+ikr,) - k r~] (93)1 0/
::IJ. .a-.l)i - .LL jk 3r3+ 6k2r 5(l+ikr)]
a - Pr2 -o jk 0  4r 4 6k 0 -

(94)

Equation (86) makes use of the relation

aG . G 1, LGac ao (95)

while equation (87) follows from

"G - 4 kA2)_iL2  L O (96)

Whan the observation point is within the wire (p<&), a series expansion in

p rather than a is used for Ga 0nd G2. For G1 this simply involves inter-

changing p and a in equations (89) and (90). Then for p < a, with

ra a[2+ (2-2,) 21 1/2 (97)
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Ga = exp(-Jkra )/ra , (98)8

the expressions for G1 , G2 and their derivatives are

G oa G - 2 ( 1+jkr) [ 3+jkra) - k2 r , (99)

aG 22

ak a]-[(.ooO
r2 a 1(a+k,) 2r 2l(~k) ak

(100)

2 2 3 3  2r
iýP [jk r + 6kr 1- l(l+ikr)]4r• 4,

a

e ut a (+jkrI) a2 [3(+Jkrh -k 2e]n r (101)
a a

0 2 w ad - ea (+inkra) a a (102)
2ra

-(z-Z')p Ga [3(l+jkr.) k -~ (103)

a

Special treatment of bends in wires is required when the extended thin-

wire kernel is used. The problem stems from the cancellation of terms

evaluated at z 1 and ee2 in the field equations when segments are part of a

continuous wire. The current expansion in NEC results in a current having a

continuous value and derivative along a wire without junctions. This ensures

that for two adjacent segments on a straight wire, the contribution, to the

z component of electric field at z2of the first #segent exactly cancel the

contributions from zlO representing the same point, for the second segment.

For a straight wire of several segments, the only contributions to Ez with

either the thin-wire or extended thin-wire kernel come from the two wire ends

and the integral of G0 along the wire. For the p component of field or

either component at a bend, while there is not complete cancellation, there

may be partial cancellation of large end contributions.
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The cancellation of end terms makes necessary a consistent treatment of

the current on both sides of a bend for accurate evaluation of the field.

This is easily accomplished with the thin-wire kernel since the current

filament on the wire axis is physically continuous around a bend. However,

the current tube assumed for the extended thin-wire kernel cannot be continuous

around its complete circumference at a bend. This was fcund to reduce the

solution accuracy when the extended thin-wire kernel was used for bent wires.

To avoid this problem in NEC, the thin-wire form of the end ters in

equations (71) through (74) is always used at a bend or change in radius. The

extended thin-wire kernel is used only at segment ends where two parallel

segments join, or at free ends. The switch from extended thin-wire form to the

thin-wire form is made from one end of a segment to the other rather than

between segments where the cancellation of ters is critical.

When segments are separated by a large distance, the interaction may

be computed with sufficient accuracy by treaeing the segment current as an

infinitesimal current element at the segment center. In spherical coordinates,

with the segment at: the origin along the e - 0 axis, the electric field is

4•r20) ( i
E (rO 2wr K- xp(-Jkr) 1l -Lkr cob

E (r,O) - Mn exp(-ikr)(l+ikr @ in 9D

The dipole moment M for a constant current I on a segnent of length t6 is

M -I A i.

For a current I cos(k(s - ai)] with is - si < 6,/21

M - h1 sin(M /2)k i

while for a current I sinlk(s - m)],

-M-O2
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Usu of this approximation saves a significant amount of time in 0
evaluating the interaction matrix elements for large structures. The minimum

interaction distance at which it is used is selected by the user in NEC. A

default distance of one wavelength is sat, however.

For each of the three methods of computin- the field at a segment due

to the current on another segment, the field is evaluated on the surface of

the observation segment. Rather than choosing a fixed point on the segment

surface, the field is evaluated at the cylindrical coordinates p', z with

the source segment at the origin. If the center point on the axis of the

observation segment is at P, z, then

where a0 is the radius of the observation segment. Also, the component uf

E tangent to the observation segment is computed as

Inclusion of the factor P/P', which is the cosine of the angle between 0 and

at, Is necessary for accurate results at bends in thick wires.

4. THE MATRIX EQUATION FOR CURRENT

For a structure having NI wire segments and N patches, the order ofs p
the matrix in equation (19) is N - N + 2N . In NEC the wire segment

equations occur first in the linear system so that, in terms of submatrices,

the equation has the form

A B - - - ]

C L Ip Hp]

with equations derived from equAtion (14) in odd numbered rows in the lower

set and equation (15) in even rows. iw is then the column vector of segment
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basis function amplitudes, and IF is the patch-current amplitudes (Jlj' J2j'

J-l,...,N p). The elements of Ew are the left-hand side of equation (13)

evaluated at segment centers, while H contains, alternately, the left-hand
p

sides of equations (14) and (15) evaluated at patch centers.

A matrix element Aij in submatrix A represents the electric field at

the center of segment i due to the j th segment basis function, centered or-

segment J. A matrix element Dii in submatrix D represents a tangential

magnetic field component at patch k due to a surface-current pulse on patch

i where

k- Int [(i-l)/2] + 1

I a Int [(J-1)/2] + 1

and Int[] indicates truncation. The source pulse is in the direction E1 when

j is odd, and direction t2 when j ie even. When k a I the contribution of

the surface integral is zero since the vector product is zero on the flat

patch surface, although a ground image may produce a contribution. However,

for k - Z, there is a contribution of 1 1/2 from the coefficiont of I8(r) in

equation (14) or (15). Matrix elements in submatrices B and C represent.. electric fields due to surface-current pulses and magnetic fields due to

segment basis functions, respectively. These present no special problems

since the source and observation points are always separated.

5. SOLUTION OF ThE MATRIX EQUATION

The matrix equation,

(G] [I] - [E] , (104)

is solved in NEC by Gauss elimination (ref. 19). The basic step is factori-

zation of the matrix G into the product of an upper triangular matrix U and

a lower triangle matrix L where

G - [(L [U] .

The matrix equation is then

[L] [U] [I] - [El , (105)
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from which the solution, 1, is computed in two steps as

(L) (•F) [] , (106)

and

(U) [I) - ] . (107)

Equation (106) is first solved for F by forward substitution, and

eqnstion (107) is then solJ.ed for I by backward substitution.

The major computational effort Is factorins G into L and U. This takes
3approximately 1/3 N multiplication steps for a matrix of order N compared

-to N for inversion of G by the Gauss-Jordan method. Solution of equations

(106)and (107), making use of the triangular, properties of L and U,..takes

approximately aS many multiplicastions as would be ý'squirqd for multiplication,

oft,0 by the column vector-'. The factored matrices L indU rte saved in'
NEC since the solution' for induced current may be, rapiated for 'a number of

different excitations. This, then, requires only the repeatod solution, of

"equations .(106) and (107).

Computation of the elements of the matrix'G and solution of the matrix

equation are the two most time-consuming steps in computing the response of

a structure, often accounting'for over 90% of the computation time. This

may be reduced substantially by making use of symmetries of the structure,

either symmetry about a plane, or symmetry under rotation.

In rotational symmetry, a structure having H sectors is unchanged when

rotated by any multiple of 360/H degrees. If the equations for all segments

and patches in the first sector are numbered first and followed by successive

sectors in the same order, the matrix equation can be expanded in submatrices

in the form

A 1 A 2 Ai . MA I E1

1 A2 3 * AM A '2 E1 1

AM_ AM A1  AM 3  AM2 '3 E 3(108)

LA 2  A AM A1  E M
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If there are Nc equations in each sector, E i and Ii are Nc element column
vectors of the excitations and currents in sector i. Ai is a submatrix of

*order Nc containing the interaction fields in sector 1 due to currents in

sector i. Due to nymmetrv, this is the same as the fields in sector k due

to currents in sector A + k, resulting in the repetition pattern shown..

Thus only matrix elements in the first roy of submatrices need be computed,

reducing the time to fill the matrix by a factor of 1/N.

The time to solve the matrix equation can also be reduced by expanding

the excitation subvectors in a discrete Fourier series as

M
Ei 1 , S E i-l,...,H , (109)

SMknl ik LkS" ik Ek i-l,...,M,. (flo)
kl

where

I S 1 k a xzj .zi1 ) k))

.J.-Y'--, and *indicates the conjugate of the complex 6'u'bber. Examining a,

component in the expansion,

"Slk Ek

S 2k Ek

E - . (112)

S MitE

it is seen that the excitation differs from sector to sector only by a

uniform phase shift. This excitation of a rotationally symmetric structure

results in a solution having the same form am the excitation, i.e.,
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1k Ik

2k k
I * • . (113)

SMk "k

It can be shown that this relation between solution and excitation holds for

any matrix having the form of that in equation (108). Substituting these

components of E and I into equation (108) yields the followin& matrix equation

of order No relating 1k to •k

[S lk A1I + S 2k A2 + +. Sm k~ 14 uk1 *ý 1  ~ (114)

The solution for the total excitation it then obtained by an inverse

transformat,ion,

k14

The solution procedure, then, is first to compute the M submatrices A4 and

Fourier-transform these to obtain

M
Ai " I SikAk i-1, ... ,N (116)

kuI

The matrices Ai, of order N., are then each factored into upper and lower

triangular matrices by the Gauss elimination method. For each excitation

vector, the transformed subvectors are then computeW by equation (110) and

the transformed current subvectors are obtained by solving the M equations,

[Ai] [ri] - (Ei , (117)

The toLAl solutlon Is then given by equation (115).

The same procedure can be used for structures that have planes of

symmetry. The Fourier transform is then replaced by even and odd excitations

about each symmetry plane. All equations remain the same with the exceptico
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that the matrix S with elements Sij, given by equation (111), is replaced by

the following matrices:

For one plane of symmetry,

For two orthogonal planes of syetry,

Si' 2.1 "1
- -S :

and for three orthogonal symetry planes,

2.' -2. 1 -2. 1 -1 1 -1
1 2. -l -1 1 1I -1 12

5u 2. -l -l 1 1 -I 1 -. 2S . 11 1 -l -1 -l -l

1 -l 1 -l -2.1 -l 1

1 2. -l -l -l -l 1 1
1 -1 -l 1 -1 1 1 -l

For either rotational or plane symmetry, the procedure requires factoring

of M4 matrices of order Nc rather than one matrix of order MN,'. Each excitation

then requires the solution of the M matrix equations. Since the time for

fnctoring is approximately proportional to the cube of the matrix order and

the tire for solution is proportional to the square of the order, the

symmetry results in a reduction of factor time by -2 'and in solution time

by M-"1. The time to compute the transforms is generally small compared to

the time for matrix operations since it is proportional to a lower power of

Nc$ Symmetry also raduces the number of locations required for matrix

storage by k-1 since only the first row of submatrices need be stored. The

transformed matrices, Ai, can replace the matrices Ai as they are computed.

S
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NEC includes a provision to generate and factor an interaction matrix

and save the result on a file. A later run, using the file, may add to the

structure and solve the complete model without unnecessary repetition of

calculations. This procedure is called the Numerical Green's Function (NGF)

option since the effect is as if the free space Green's function in NEC were

replaced by the Green's function for the structure on the file. The NGF is

particularly useful for a large structure, such as a ship, on which various

antennas will be added or modified. It also permits taking advantage of

partial symmetry since a NGF file may be written for the symetric part of &

structure, taking advantage of the symmetry to reduce computation time.

Unsymmetric parts can then be added in a later run.

For the NGF solution the matrix is partitioned as

A B I, E

where A is the interaction matrix for the initial structure, D is the matrix

for the added structure, and B and C represent mutual interactions. The

current is computed as

1 2 * [ D -CA 1] [ 2 - A 1 1l

I 1  A- E1 - A"I BI2

after the factored matrix A has been read from the NGF file along w4th other

necessary data.

Electrical connections between the new structure and the old (NGF)

structure require special treatment. If a new wire or patch connects to an

old wire the current basis function for the old wire segment is changed by the

modified condition at the junction. The old basis function is given zero

amplitude by adding a new equation having all zeros except for a one in the

column of the old basis function. A new column is added for the corrected

basis function. When a new wire connects to an old patch the patch must be

divided into four new patches to apply the connection condition of equation (51).

Hence both the current basis function and match point for the old patch are

replaced.
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Section IV
Effect of a Ground Plane

in the integral equation formulation used in NEC, a &round plane changes

the solution in three ways: (1) by modifying the current distribution through

near-field interaction; (2) by changing the field illuminating the structure;

and (3) by changing the reradiated field. Effects (2) and (3) are easily

analyzed by plane-wave reflection as a direct ray and a ray reflected from

the ground. The roradiated field is not a plane wave when it reflects from

the ground, but, as can be seen from reciprocity, plane-wave reflection gives

the correct far-zone field. Analysis of the near-field interaction effect

is, however) much more difficult.

In Section 1I, the kernels of the integral equations are free-space

Green's functions, representing the E or H field at a point f due to an

infinitesimal electric current element at ?I. When a ground is present the

free space Green's functions must be replaced by Green's functions for the

ground problem. The solution for the fields of current elements in the

presence of a ground plane was developed by Arnold Somerfeld (ref. 20).. While this solution has been used directly in integral-equation computer

codes, excessive computation time greatly limits its use. Numerous approxima-

tions to the Sommerfeld oolution have been developed that require less time

for evaluation but all have limited applicability.

The NEC code has three options for grounds. The most accurate for

lossy grounds uses the Sommerfeld solution for interaction distances less than

one wavelength and an asymptotic expansion for larger distances. To keep the

solution time reasonable, a grid of values of the Somaerfeld solution is

generated and interpolation is used to find specific values. This method is

presently implemented only for wires in NEC but could be extended to patches.

The solution for a perfectly conducting ground is much simpler since the

ground may be replaced by the image of the currents above it. The third

option models a lossy ground by a modified image method using the Fresnel

plane-wave reflection coefficients. While specular reflection does not

accurately describe the behavior of near fields, the approximation has been

found to provide useful results for structures that are not too near to the

ground (refs. 21, 22). The attraction of this method is its simplicity and' speed of computation which are the same as for the image method for perfect

ground.
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I. THE SOMMERFELD/NORTON METHOD

The Sommerfeld/Norton ground option in NEC originated with the code

WFLLL2A (ref. 23) which uses numerical evaluation of the Sommerfeld integrals

for ground fields when the interaction distance is small and uses Notton's

asymptotic approximations (ref. 24) for larger distances. Since evaluation

of the Sommerfeld integrals is very time consuuinE, a cod#, SOMINT, was

developed (ref. 25) which uses bivariate interpolation in a table of pre-

computed Sommerfeld integral valums to obtein the field values needed for

integration over current distributions. This method greatly reduces the

required computation time. NEC gses a similar interpolation method with

modifications to allow wires closer to the air-ground interface and to further

reduce computation time. Although the code WFLLL2A allows wires both above

and below the interface, both NEC and SOMINT are presently restricted to wires

on the free-space side. The method used in NEC to evaluate the field over

ground is described below, and the numerical evaluation of the Somnerfeld

integrals to fill the interpolation grid Is discussed in Section IV-2.

The electric field above an air-ground interface due to an infinitesimal

current element of strength It also above the interface, with parameters showr

in figure 6, is given by the following expressions:

-c 1  -2 + k V22] (118)
1 ( "Y )022 21 1  V2 2 (

E H Ccoso r a2  G +k2 ,k2( -G(10
S[102 22 21 k2 v22 ) 2 2 2  2 + U2 2)] ,(120)

EH .C1 sino[-1 (G + k 2  +

k 2 2 ) (121)

H 2 2
EH coso. F' (G- + 2 G - (122)

z "C 1  2 21 1 V22)

C I vk, 0 , (123)
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0

Source zI

Air 90"40

Ground e4,01

Figure 6. Coordinates for Evaluating the Field of a Current Element Over
Ground.

k2 2 W2  o o - ;0 , (124)

k2 a2 U e (125)

where th& superscript indicates a vertical (V) or horizontal (H) current

element and the subscript indicates the cylindrical component of tho field

vector, The horizontal current element is alons the x axis,

a22 and G2 1 ar4 the free space and image Green's functions

022 - exp (-jk2R2)/R 2 , (126)

G21 - exp (-Jk2R1)/Ri , (127)

where

" [1 2 + (z + 2,)2] 1/2 (128)

R ' 2 ]1/2
p + (z- z,)2 - (129)
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and U2 2 and V2 2 are Sommerfold integrals involving the zeroth order Bessel

function, J 0

0exp[-y2(z + z')] Jo(Xp)XdX
U2 2 * 2f '" 0 2 (130)

2 f exp[-y 2 (z + z') J 0 O)(131)
o22 k y2Y+ky 1 2

where

-( k) , (132)

Y (2a - .2)1/ (133)

In NEC we need to compute the fields due to current filaments with

arbitrary length and orientation by combining the field components in

equation. (118) through (122) and integrating over current distributions

composed of constant, sine, and cosine components. Direct numerical integra-

tion over the segment* is difficult due to singularities in the fields.

022 has a l/R 2 singularity while 021' U2 2 and V2 2 each have h/R31 singularities,

The derivatives in the field expressions result in l/R 3 siugularities with a

triplet-lke behavior in the field components parallel to the current filament.

The resultuAS cancellation makes accurate numerical integration near the

singularity very difficult.

Tha free-space field has a similar singularity, but as discussed in

Section 111-3, the integral over a straight filament may be evaluated in

closed form for a sinusoidal current with free-space wavelength and involves

only a numerical integration of G22 for a constant current. The dominant

singular component of the ground field may bq integrated in the same way. The

terms involvin G 2 2 in equation (118) through (122) are, in fact, the field of

the current element in free space, and their integral is obtained from the

free-space routines in NEC.

The remaining terms represent the field due to ground and are singular

at R w 0. The singularities in U2 2 and V2 2 result from the failure of the

integrals in equations (130) and (131) to converge without the exponential and
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Bessel functions as p and z + z' go to zero. The singular behavior of U2 2 and

V2 2 as P and z + z' go to zero may be found by setting y1 0 Y2 " X since the

dominant contributions to the integrals for small p and z + a' come from A

much greater than k1 or k2 . Here, however, we only replace y1 by Y2 and use

the integrals

S2 Iaexp[-y 2 (z + z')) Jo(XP))dX, 2G 2 1  (134)
022+ Y2(k1+ k2) k I + k2

U j22 4+ ") JOQP))dX 021
0 Y2 (135)

Ikl1p << 1, jkll(& + -') << 1,

which have the correct siingular behavior and can be combined with the G 21

terms. The field components due to ground [equation (108) through (122) with-

out the G22 terms] may then be written as

V a 2 1• k •2a

GP 2 k 2 k2  a 2  (136)

1 2

G + C _ + k G

F2 C + k 2  k1  V22 1  2 2 + c2  21 (137)

k I - k 2

G H + cos a ( k2 VI +zk -
p 1 DO2 222 2 U22/ (138)

-C coso 72+

12 k~ 2+k2~ (139) 2

12  2

G~C Hin k2 sn k 2 2 + 2

1 2
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G H -CosO Gv (140)
ZD

where

2k 2
U ~ 2 GU22 2 2 2 -2 21Sk2 + k 1

s k 2,

wfI exp('y 2 (z + 2)] (141)
0 LYl + Y 2  y (k 2 + k 2) JX(Y(z+Z

x j (Xp)XdX

20

V2 2 " V2 2 - 2+ 2 21
k1 + 2

a2 f 2 12 2 (142)• k Y2 + k• Y1 k + k

x exp[-y 2 (s + "')] Jo(Xp)XdX .

In equations (136) through (140) the dominant singular component has

been subtracted out of V2 2 and combined with G21 The integral for V 2

converges without the exponential or Bessel function factors and remains

finite as P and z + z' go to zero. The derivatives of VI in the field

expressions have 1/-1 singularities, but this is much less of a problem for

numerical integration than the previous l/I3 singularity. The singularity

could be taken out of U.22 also, but, instead, a term is taken out that results

in the final terms in equations (136) through (139) being the image field

multiplied by (k- k2 )/(k2 + k 2) The integral over tha current filament of
1 k2)/ 1  2

these image terms is evaluated by the free-space equations leaving only the
'2 and V 2 terms to be integrated numerically. U still has a I/R1

singularity, but that is no worse than the derivatives of VI With the

thin-wire approximation, R1 is never less than the wire radius so the

integration is not difficult in practical cases.
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The components left for numerical integration over the current

* distribution are then

P a , ka 2 (143)

2 - 1 V 12

H 2  2U

F C COO~ ( k2V + 2k 2 (145)

Fu H -0 V (147)

Since the integrals in equations (141) and (142) cannot be evaluated in

closed form the following terms must be evaluated by numerical integration

over Xt

a 22 0 D Cp ( + 21) J" 'XP)X dX ,(148)
2=r

D22 2 0o 2 ' (149)22 t

Va2 V2 DY exp Y (z + Z) Jo ( xp) x2d, . (150)ah f 2 2 L 2 0

OV
VI D (~z +Z) xxx (151)

2~2 - f D2 exP[-Y2( zJ 0(X)d 12
0

U22- fD 1 exp [.y2 (z + z')] J (Xp)\dX , (153)
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where

, .2 2.. .. (154)
Y2 + _y2 (k2 +k22 1 k 2)

SD2  2 2 - 2 (155)Y2 + k Y2

Evaluating these integrals over A for each point needed in the numerical

integration over the current distribution is slow on even the fastest computers.

Hence an interpolation technique is used for the remaining field components as

was done in the code SOMINT for the total field due to ground. Since the

'integrals depend only on p and a + a' a grid of values io generated for thci

field components of equations (143) through (146) and bivariate interpolation

is used to obtain values for integration over a current distribution.

To facilitate interpolation in the region of the l/R 1 singularity, the

components are divided by a function having a similar singularity and interpo-

lation is performed on the ratio. The field components of equations (143)

through (146) are divided by exp(-Jk I )/R I for all values of RIto remove the

singularity and the free-space phase factor before interpolation. The factors

sino or cosO are also omitted until after interpolation to avoid introducing

the 0 dependence. The surfaces to which interpolation is applied are then

I V C1 R1 expk ak 2 (156)
P 1 T07Z k V422

V C R k 2) k 2V (157)

22 2 1 22

I H C1 R ex 1JkR a2 k, (158)

IH. C* R exp(jkR1 ) k2 V'2 2  + k' U•2  , (159)

0 111 p2V2 2U)

After interpolation on the smoothed surfaces the results are multiplied by the

omitted factors to give the correct values.

With the singularity removed, interpolation may be used for arbitrarily

small values of P and z + z'. The values for R 1 - 0 in the Interpolation grid

must be found as limits for R1 approaching zero, however, since the integrals
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do not converge in this case. When 0 and z + z' approach zero the dominant. contributions in equations (148) through (153) come from large A. Hence the

singular behavior can be found by setting y and Y2 equal to A. First, how-

ever, it is necessary to approximate D1 and D2 for JAI >> jkll as

k31 k2 _ k"
1 2 

(160)

For Ik1lp << land 1k!1(" * a') << 1 the integrals become

S22 2 ex[-(+ z' 3" (p) dk 2 +,

k2 2 (k' k"2

-- A3 C "sned _2 1] 2 11

222 C3/ 3 ( 2 o()pd

1 2-
2~,.
a 2 C3 fexp[-X(z + z' J (p) dX

= Jex 0 - (163)

21 C3 (1 - sine)
a 22 k- exp- X(z + z') Jo(,•odX =6

oz L R cos0 '

_V do~ri C (1 - inS)
1 22 3 C exp [X(Z + Z')] (Ap) ' dX -32 (164'

@Pz fo R coieC[ 3 1-lte
U 22 f It C2 exp [ (z + z') Jo (Ap) d X *--R (166)

o 1

where

2 -1/2
R P + (z + Z') I (1b7)

e = tan 1[(z + z')/O I (168)

-45-



V22 remains finite as R, gnes to zero and hence is neglected. Equations (156)

threugh ('.59) for P I app.roachiing zero are then

IV C C k* 21 s (169)
P 1 3 \ cose /

IV CIC3k (170)

IH C k 2[ C + C(L --.!&!O1 (171)
P 1 212 3 3k-ca 26 I

I H -C k 2I C-C1l sin) ,172)1 2 2,3 co,2e /J
-Since the limitingg values as R, goes to zero a&e functions of e it is necessary

to use RI and e as the interpolation variables rather than p and z + z'.

Figures 7 through"1Q are plots of the s•:,rfaces to which interpolatjon. is

applied for typical ground parameters. The width of the region of relatively

rapid variation along the R axis appears to be proportional to the wavelength

(a) ,(b)

max Max -0
" Min •-80.66 -'Min -- 137.9

90 50 0 0 90 50 00

Figure 7. Real ta) and Tinaginery (b) Part; of I V for -4, 1 Mo.
mhos/m., frequenoy - 10 MHz.
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(a) (b)

* Max( -16.31Ma 21.
W Min* -163.8 Mm n -98.16

90~~ 50 0

Fiture S. Real (a) and Imaginary' (b) Parts of foI v / u,~~.

mhos/m, frequency *1O0 14HZ.

(a) (b)

Max -. 045Max *29.25

0 9/

* Figure 9. ReAt (a) anid Imshginr14rt (b) Parts of I for c C 4,a 0.0
mhos/m,.frequen~cy - 10 4Hz 0. ~o .0



(a) (b)

Mex -102,1 Max 109.8
Mina 14.77 Mm , -75.86

a90

e A

S90 6 0 O0 90 s0o O0

Figure 10. Real (u) and Imaginary (b) Parts of 1H for i/o 41 a 0.001
mhoo/m, frequency a 10 Hz-.

in the lower medium and hence is coacentrated closet to R* a 0 for larger

dieler, tric constants. At a fillite A,, the functions approach zero as e1 and

= become large. When loas is small the strong wave in the lower medium

results in a significant evanescent wave along the interface in the upper

medium as shown in figure 11,.

In NEC the interpolation region from 0 to I wavelongth in R 1 13 divided

into three &rids, as shown in figure 12, on which bivariate cubic interpolation

is used. For a given point, the correct grid region is determiner and cubic

surfaces in RI and e, fit ca a 4-point by 4-point region containing the desired
V V H H

point, are evaluated for each of the four quantities .o, I , I and I The
grid point spacings used arel

Grid &R1  Ae

1 0.0VA 10°

2 0.05k so

3 O.lA 106



(F) Rea (b)
Max - 2.85 Ma.... .Ux -84.85

TMn = e-142.2 .iel evalatin. i C ue v eia ,-1id.2

9 so 0oos

Figure 1 1. Real (a) and Imagonary (b) Parts of la fon a th field

S2 p
wave$ but edhi is easily chan(ed 2n the code o

The fiLeld evaluation in NEC uses variab:le-int~erval-width Romberg

integration over the current distribution. At each intalrand evaluation, the

components I V, I V,1, and TH are obtained by in|terpolation, and the field

components ar'e combined according to the directi•on of the current. The

num.urical., integral is then combined with the fr'ee-space field and with the

iniage field mult:iplied by (1"2.- k 2)/(k 2 +. k2) to obtain the total field over

1 2 (1  2
ground.

When R1 from the observation point to the center of a wire megment is

greater- than one wavelength, the field is evaluated by Norton's asymptotic

approximations (ref. 26) rather than the above method. Norton's forula&ul are

given in Part It of thip manLal under subroutine GWAVF. Although they are

less accurate chan the Sommerfeld integral forms and require longer to

evaluate than the interpolation, their ube permits truncating the interpolation
tables, Another approximation used for R1 greacer than a wavelength is to

treat the current distribution on a segent aC a lumped current element with

* the correct momenL rather than integrating over the current distribution.
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6100-- - --

Gridd 
3

. .i i . i _. . .n-

drid 2

4- .1-•--- --- ---

- ........ Grd2 - - - - -

0 DIX
.S -,- -li20 0.2.. L..... . I- - - - '--

Fig. 12. Grid for Bivariate Interpolation of I's.

2. NUMERICAL EVALUATION OF THE SOMUERFELD INTEGRAL$

The integrals in equations (148) through (153) are evaluated by numerical

integration along contours in the complex X plane. Although these integrals

differ from the usual S.mmerfeld integrals In the D and D2 toer , they are

the same in the properties important to numierical integration - the locations

of poles and branch cuts and the exponentiat behavior of the Bessel and

exponential functions. The behavior of the integrands and numerical methods

for evaluating the integrals are discussed in detail by Lytle and Lager
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(ref. 27). This section describes the particular method used in NEC, which

* is basically the same as in the code WFLLL2A.

Since the integrands of the six integrals are similar, 12" will be

considered an typical. The integrands have branch cuts from ikI to infinity

and Ik2 to infinity due to the square roots in y, and Y2 respectively. The

branch cuts are chosen to be vertical, as shown in figure 13. The implications

of this choice of branch cuts and the choice of Reimann sheets are discussed in

ref. 27.

The key to rapid convergence In the numerical integration is to exploit

the exponential behavior of the exponential and Bessel functions for large X..

The integration contour is deformed from the real axis into the complex plane,

avoiding branch cuts and taking account of poles, to optimize convergence.

With the vertical branch cuts chosen, there are no real poles on the primary

Reimann sheet although virtual poles from D, or D2 result in a near singularity

in the region of ik 2 when k, approaches k2 (free-space limit). Hence the

integration contour should avoid the real axis in this region.

.- (p + jp)

-k2 i /1 X

I "-. 

, 

k

.Figure 13. Contour for Evaluation of Bessel Function Form of Sommerfeld

In~egralu.FutonFrO 
o.eed
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The contour used with the form of the integrals in equations (148)

through (153) is shown in figure 13. The dominant facto: for convergence in

this case is the exponential function as XR increases. The Bessel function

oscillates with slow convergence for increasing XR and grows exponentially as

ly increases. Hence it is of little help in convergence but restricts the

contour to small PIlI. The break in the contour Is at A a p + jp where p is

the minimum of 1/p and l/(u + z').

Integration along this contour becomes difficult when (a + z')/p is

small since there may be many oscillations of the Bessel function before

convergence. In this case an alternate form of the integrals to used which

for V22 is

vt 2 . 16 go[D ON + st)] H (2) (XP)XdX (173)

Since the Hankel function of type 2 decays exponentially as XI becomes negative,

it provides rapid convergence without the exp -y 2 (t + a') factor. The behavior

of the integrand can be seen from the large argument approximation

exp[-Y2 (, + )]H:2)(X P) a/7 exp -X[ (z + ') + j ,

where, for the vertical branch cuts, the ± sign is

+ for XR > -k2 and ), > 0O

+ fcr AR > k2 and XI < 0

- otherwise.

Thus, an intugration path having

X I < 0

and

A I/A -- /(z + z') for X. > k2

or
XI/AR /(z + z') for kR < k 2

results in exponential convergence with little oscillation. The basic contr:ur

used with the Hankel function form is shown in figure 14 where

a - -j 0.4 k2 ,

b - (0.6 + j 0.2)k 2  
0
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Ib

Figure 14. Contour for Evaluation of Hanke1 Function Form of Sommerfeld
Integrals.

-*(1.02 + j 0.2)k. ,

d u 1.01 kIR + j 0.99 kic

e 0 tan - l(

To avoid the near singularity as k1 approaches k2 , the real part of d is
not allowed to be leas than 1.1 k2. ThIs contour provides rapid convergence

except when a + x' isa small, IklpI is large, and cl I/klR is small. There may
then be many oacillmtions between c and d with little convergence. In such a

case the contour in figure 15 is used where

e -k + (-0.1 + j 0.2)

f k I + (0.1 + j 0.2)

The Henkel function form of the Integrals provides rapid convergence for
mall z + z' including the case of a -' w 0. For small p, however, the pole

at Xp - 0 requires special treatment. In NEC thg Hankel function fotm wit),

the contour of figure 14 or 15 is used when P is greater then (a + z')/2 and
the Besael function form %s used otherwise.

Integration along the contoure is accomplished by adaptive Interval-width. Rombera integration. On the sections going to infinity, adaptive Romberg

-53-



°kg" b a

Figure 15. Contour for Hankel Function Form when Real PArt k is Large and
Imaginary Part k, is Small. I

integration is applied to successive subsections of length p, where p is the

minimum of 0.27t/p or 0.2r/(z + s'), and Shanks' nonlinear transformation

(ref. 28) is applied to the sequence of partial sums to, accolerate convergence.

When 0 and z + z' are both small, the integration interval, p, may be l4rge

since the exponpntial and Bessel functions change slowly aed the remaining

factors are easily integrated once X becomes large. For the Bessel function

form of the integrals the minimum for R1 M [02 + (a + 21)211/2 in limited only

by the maximum number size for the computer. For the Henkel function form the

minimum R1 is, about 10"5 waveleng'hs due to the pole at XP a 0. Either J or

z + z' may be zero.

The numerical integration results for sall R1 were checked against

results from a series approximation (ref. 25) and were in very close agreement,

For larger values of R1 the results from different integration contours ,were

compared as a validation test. Results for the modified Somerfeld integrals

were also chocked with nocmal integrals used in the code WFLLL2A. Earlier

studies for the code WFLLL2A, which is capable of computing the field across
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the interface, verified the continuity of the computed tangential E field

across the interface (ref. 44).

The average time required to evaluate the integrals for a given p and

2 + a' on a CDC 7600 computer is about 0.06 a. Thus about 15 a are required

to fill the interpolation grid. Once the grid has been computed and stored,

the time to fill an interaction matrtx, using interpolation and the Norton

formulas, in about four times that for free space.

3. THE IMAGE AND REFLECTION-COEFFICIENT NZTHODS aw

The use of & reflected image is a simple and fast way tu model the effect

of a ground plane. If the ground is perfectly conducting, the structure and

its image are exactly equivalent to the structure over the ground. Since use

of the image only doubles the time to compute the field, it is always used with

a perfect ground. NEC also includes an image approximation for a finitely

conducting ground in which the image fields are modified by the Fresnel plane-

wave reflection coefficients. Although this in far from exact for a finite

Brovnd, it has been shown to provide useful results for structures that are

not too near to the ground (raef. 21 and 22). When it can be used, the. reflection coefficient method is about twice as fast as the Sommerfeld/Norton

method and avoids the need of computing the interpolation grid.

Implementation of the image and reflection coefficient methods in the

code iij very simple. The Green's function for a perfectly conducting ground

is the sum of the free-space Green's function of the source current element

and the negative of the free-space Green's function of the image of the source

reflected in the grourd plane. For the electric field, with free-space Green's

dyad G (r,r') defined in equation (1), the Green's dyed for a perfect ground is

( r•r) G (r,r') + G (,•') , (174)

where (cr,rr) I (r,Tr *'

1 "T Irrr r (175)

r + 21 -

r is a dyad that produces a reflection in the a - 0 plane when used in a dot

product. For the magnetic field with free-space Green's dyed

(r,.r') " I x V, g (u') (176)
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the Green's dyad over a perfect ground is

rp =(rr,r') + *(r,i 
(1r') (77)

The reflection coefficient method for finitely conducting ground uses

the image fields modified by the Fresnel reflection coefficients. The Fresnel

reflection coefficients, which are strictly correct only for an infinite

plane-wave field, depend on the polarization of the incident field with

respect to the plane of in:idence (i.e., the plane containing the normal to

the ground and the vector in the direction of propagation of the wave). The

two cases are illustrated in figure 16 where the wave with 2 In the plane of

incidence is termed vertically polarized and E normal to the plane of incidence

as horizontAlly polarised. The Fresnel reflection coefficient for vertically

polarized waves is

RV0corn 0 - Z R rl 7. ý±n0O (179)

Rv R
corn 0 + ZR / -Z in2 e

where

A Acos 0 * - * a

The reflected fieldn are then

L.R * - RVtýIR

Hi 0RVi,
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Figure 16. Plane-Wave Reflecrtion at an Interface.
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For horizontally polarized waves, the reflection coefficient is

N " cog - - , 2 (180)

SzR Cos 0 + 2- R .in o

and

R H~R

An arbitrarily polarized incident plane wave must be resolved into horizontal

and vertical components to determine the reflected field. Thus, if 0 is the

unit vector normal to the plane of incidence, the reflected field due to an

incident field is

R 1+ (RH - RV)(ti,* 11

where EI is the incident field reflected in a perfectly conducting ground, or

the field due to the image of the source. Use of the image field in equation

(181) accounts for the changes in sign and vector direction of the incident

field that were shown explicitly for the vertically and horizontally polarized

cases, For the magnetic field,

with HI the field of the image of the source.

Applying the Fresnel reflection coefficients to the near fields, the

alectric field at r due to the image of a current element at ' can be written

""* R#*I()')

+ (R V) I (r X) (183)
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where

and is lth4 -G0ren s function for the iws.e-of tho source in a, perfect ground

as defined in squatiort (,.75). For, magnetic field, the Grieen sdyad for, the

modified image. is

i . . i .+ (R x r • . .. (184)

The Gre!n'i functioni for electric ard magnat,ic fields. ver ani•perfectly

iondq.ting ground,.r•ILtinSg. frq the refleation cofficienZ approximation are.. I JI : I~ ' , , " , , I, . I• i i ' +, L .I • '

then

• ~Vo . r , r + 1 •)-
"_I -I-I.

r' r r' - . r r. + r ~R ,.r.). 18.: . 6)

Use of thm. gsreen's function's G and ? results In a straightforward extension

of the ?SFIE and HUIE for ttructures over an imperfect' ground,

NEC also includes a reflection coefficient approximation for a radial

wire ground screen, as used by Miller and Deadrick (ref. 29). This is based

on an approximation developed by Wait (ref. 30) for the surface impedance of

the radial-witc ground screen on an imperfectly conducting ground, as the

paralel combination of the surface impedace, rl, of the ground plane

j w° 0 /2
;i" .. + Ji•#

.and an approximate surface impedance Z of the ground screen
-- S

( ) - n -I -
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The ground screen impedance assumes a parallel wire grid having the wire

spacing that the radial wires have at a distance P from the center. N is the

nuober of radial wires in the screen, and C0 is the radius of the wires. The

surface impedance of the ground screen on an impqrfect ground is then

E1 ZR

From the definition of surface impedance,

Etangential He 1 tangential

at the surface. Using the fact that E and H in the incident wave are related

by n the free-space impedance, reflection coefficients are derived as

' - coo 0
" • I t~+ e os ,O '

40

n cos 0 -
Rv " n coo+

This is the form the Fresnel reflection coefficients take when the index

of refraction is large compared to unity (1Z.1 2 << 1). This condition is

satisfied in most realistic problems; furthermore, the surface-impedance

boundary condition is a valid approximation only when the refractive index of

the ground is large compared to unity. The surface impedance is used in

conjunction with the reflection coefficient method previously discussed to

provide an approximate model of a radial-wire ground screen.

Due to the assumption of specular reflection, only the properties of the

ground directly under a vertical antenna will affect its current distribution.

At the origin of the radial-wire ground screen, the impedance is zero (Z ic

not allowed to be negative) so the impedance and current distribution of a

vertical antenna at the origin will be the same as over a perfect conductor.

The far fields, however, will demonstrate the effect of the screen as the

specular point moves away from the origin. For antennas other than the vertical
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antenna, it should bc pointed out that the inherent polarization sensitivity. of the screen (i.e., E parallel or perpendicular to the ground wires) has not

been considered in this approximation. When limited accuracy can ba accepted

this ground screen approxiaation provides a large time saving over explicit

modelin$ with the Sommrfield/Notton miethod sinca the giound screen does not

increasa t!•e number of uhkno.wou in the mtrix equation.

L.61.-



Section V
Modeling of Antennas

Previous sections have dealt with the problem of deterining&'the

current induced on a structure by an arbitrary excitation. We now consider

some specific problems in modeling antennas and scatterers, including yodels

for a voltage source on a wire, lumped and distributed loads, notiradiatci$

networks, and transmission lines. Calculations of some observable quantities

are also covered including input impedance, radiated field, and antenna gain.

1. SOURCE MODELING

The approach used in NEC is applicable to a number of electromagnetic

analysis problems. For receiving antennas and EM' studies, the excitation is

the field of'an incidentplane wave and the ,desired response is the induced

current at ont or more points o0 the structure. In scattering ',niysis the

excitation is still an Incident plane wave, but the desired response ý6 the

field radiated by the induced currents. In tho case of, a wirtetransmitting

antenna, however, the excitaticn Is generally * voltage source on the wire.

-The antenna source problem has received a considerable amount of attention

in the literature. A rather thorough exposition on the appropriate source

configuration for the linear dipole antenna has been gS.ven by King (ref. 31).

The delta-function source, which may be visualized as an infinitesimatly thin,

circumferential belt of axially directed electric field [or, alternatively,

as a frill of magnetic current at the antenna feed point (ref. 32)], is

convenient mathematical•ly, but of somewhat questionable physical realizability,

Since the excitation can be specified only at discrete points in NEC, a

delta-function source is not feasible.

A useful source model, however, is an electric field specified rt a

single match point. For a voltage source of strengch V on segment i, the

element in the excitation v,ctor corresponding to the applied electric field
at the center of segment i is set to

E " '(187)

where 6i ia the length of segment i. The direction of Ei is toward the

positive end of thn voltage source so that it pushes charge in the same

direction as the source. The field at other match points is set to zero.
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The actual effuctive voltage is the line integral of the applied field along

the wire. This cannot be determined beforehand since the field is known

only at segment centers, but can be determined after the solution for current

by integrating the scattered fiald produced by the current. For equal length

segments in the vicinity of the source this field, which must be the negative

ot the applied field at every point on the wire, is nearly constant over

segment I and drops sharply at the segment ends. This results Lu an actual

voltage of approximately A E1 as assumed in equation (187). When the source

segment and adjacent segments are not of equal length, however, the actual

voltage, obtained by integrating the scattered field, may. differ from the

intended value.

Ideally, this source model applies A voltage V between the ends of the

source segment. Hence, the antenna input admittance could be computed as the

current at the segment ends or, in an unsymmotrit case, the average of the

current at the two ands, divided by the applied volta&e. In practice the

segment is sufficiently short so that the current variation over its length

is small and the current nt the center can be used rather than the ends.

When segment ]sngths in the source Vegion are unequal, the computed input

O admittance may be inaccurate due to the discrepancy between the actual and

assumed voltages. Use of the actual voltage, obtained by integrating the

near field, will generally give an accurate admittance although it will

require additional effort for computation.

An alternate sourci model that is leos sensitive to the equality of

segment lengths in the source region is based on a discontinuity in the

derivative o! current. This source model is similar to one used by Andreasen

and Harris (ref. 33), and its use in a program similar to NEC was reported

by Adams, Poggio, and Miller (ref, 24). For this model, the source region is

viewed as a biconical transmission; line with feed point at the source location,

as illustrated in figure 17. The voltage between a point at a and the

symmetric point on the other side of the line is then related to the derivative

of the current by the transmission line equation,

V(s) - jZ - (-ks) (188)

where Z is the characteristic impedance of the transmiscion line. The. characteristic impedance of a biconical transmission line of half-angle 0 is
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. Figure 17. Biconical
,. 0 Transmission Line

- "- -0"" Model of Source

Region.

z 120 in( oa)t

or for small angles,

z z-120 , . (189)

For a source on a wire, however, the proper choice for 6 in figure 17,

defining the angle 0, is unclear. Adams at al. (ref. 24) used an average

value of Z obtained by averaging equation (189) for 6 ranging from zero to

d as

0

a120 -n /2d

where d in set equal to the distance from the source location at the segment

end to the match point at ths segment center. The voltage across the line is

then

V(s) *-j 120 En .] a

Allowing for a current unsymmetric about the source, the voltage V of a

source at a is related to a discontinuity in current derivative as

* • 0 + E a s - 4E
"-jV 0 (190)

60FZ(Tf
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This discontinuity in current derivative is introduced into NEC by modifying

Sthe current expansion on the wire. The normal expansion for N wire segments

Is

N

Jul i J

where the basis functions, fit are defined in section 111-1 such that I(s)

has continuous value and derivative along vires, and satisfies Kirchoff's law

and a condition on charge density at junctions.

For a current-mlope-discoritinuity source at ths first end of segment t,

the current expansion is modified to

Na

I(s)- I Q fW(s) + 0 ft(s) , (191)

where f% is a basis function for segment t, as defined in section 111-1, but

computed as if the first end of segment L were a free end and the segment

radius were zero. Hence, f* goes to zero with nonzero derivative at the

source location.

If f* on segment I is

f*(,) a At + B, sin k(s - ,t) + C* coo Me - ,t)

x In st. < AZ/2

then

f(ks) . /2) - - A/2 Bn(k/2)

Since the sum of the normal basis functions has continuous value and

derivative at s - s - /2, the current in equation (191) has a discontinuity

in derivative of

lim ( -
E-o0 law (1 - +/2 + 1( gZ X - -

$9 1B coo(kY9. 2) + C* oin(kh9 /2).
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Hence, from equation (190), a source voltage of Vo requires a value of 0 in

the current expansion of

60 - &

4. C -SiBkt•,/2~ . (192)

.The linear system for tht current expansion constants, obtained by'

substituting equation (191) for t in equation (18), is

K ", Lf. > <w, ,, St <wi ft , (19.)

Jul

1.1, ... N

In matrix notation, corresponding to equation (19),

101 (A) - IEJ + 81 IF) , (194)

vhere Fi is the excitation for segment or patch equation number i due to the

field of ft, and Si is the excitation for segment or patch equation number I

from other sources (if there are any). The interaction matrix G ts independent

of this source as it is of other sources. The solution for the expAnsion

coefficients is then

[A) a G 1 ) (IEJ + S FI)l,

where A supplies the coefficients ot in equation (191) to determine the

current. This method is easily extended to several sources. The modified

basis function f* appears to introduce an asymmetry into the' current, but

this is not the came since the other basis function amplitudes are free to

adjust accordingly.

The current-slope-discontinuity source results In an effective applied

field that is much more localized in the source region than that of the

constant-field source defined by equation (187). The difference is shown in

near-field plots for the two source models in figure 18, taken from Adams
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et al. (ref. 24). rho near fields
10 'are for a half wavelength dipole

antenna with 1 = 15 (6 a 2kn(L/a),

102 SOURCC REGION L - length, a - radius] and with 10

sOepents on half of the antenna

covered by the plots. The constant-

field source is seen to result in a

SI neatly rectangular field distribution
.10 in the source region while the field

of the slope-discontinuiiy source

C 10" 4 approaches A delta function. The

S 1014  , integrals of these two source-field
distributions yield approximately the

ýSOURE REGON,\same voltages, however.
"With the slope-discontiauity-

source model, the input admittance is

*1 the ratio of the current at the

segment end, where the source is

10- 2  located, to the source voltage.
Adams et al. also present results

1004"_" showing the effect on admittance of

0 0.1 0.2 0.3 0.4 0.5 varying the source-segment length

END z/L CENTER relative to the lengths of adjacent

segments, showing that the slope-Figure 18. Field Plots for a

Linear Dipole, O=l5. discontinuity source is much less

sensitive to segment length than is

the constant-field source. The two

segments on opposite sides of the iource must have equal lcngths and radii,

however. For very short segment lengths, the slope-discontinuity model may

break down although, as with the constant-field source, the correct admittance

can bit obtained by integrating the near field to obtain the source voltage.

2. NONWADIATING NETWORKS

Antennas often include transmission lines, lumped circuit networks, or

a combination of both connecting between different parts or elements. When. the currents on transmission lines or at network ports are balanced, the

resulting fields cancel and can often be neglected, greatly simplifying the
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modeling problem. The solution procedure used in NEC is to rompute a

driving-point-interaction matrix from the complete aegment-interaction matrix.

The driving-point matrix relates the voltages and currents at net-work connec-

tion points as required by the electromagnetic interactions. The driving-

point-interaction equations are then solved together with the network or

transmission line equations to obtain the induced currents and voltages. In

this way the larger segment-interaction matrix is not changed by addition or

modification of networks or transmission lines.

The solution described below assume@ an electromagnetic interaction

matrix equation of the form,

(G) (1) .- ()95)

where E is the exciting electric field on wire segment I and I is the

current at the center of segment i. In NEC the interaction equation has the

form,

(0) (A) (E],

where Ai is the amplitude of the I th basis function fI in the current

expansion,

N

I(s) 1 AI fi(s)

The same solution technique can be used, however, by computing I frum A

whenever I is needed. This must be done in computing the elements of the-1
inverse of G, Gi1, which below represent the current on segment i due to a

unit field on segment J.

A model consisting of Na segments will be assumed with a general M-port

network connected to segments I through M. The network is described by the

admittance equations,

Y a It iWl,... M (196)

J1l ij i

where V and It are the voltage and current at port i, with reference
i i

directions as shown in figure 19.
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The connection of a network

+ - portto a segment is illustrated in

OV I figure 20. The segment Is broken,

t• and the port is connected ao that

2 M-PORT * - (197)
2  NETWORK

t where 1 is the segment current.

G M Figure 21'shows a voltagi source of

Vt strength .V{ conected across the

.netvorkport at segment L. In this

* Figure 19. Voltage and current
Reference Direction4 at " Is - (198)

SNetwork'Ports.

In either c•es, the port voltagemay be related to the appl&id field on the

"segment by' t~h constant-field voltage source model of equation (187).

We vwil assume that segments 1 through M1 a.re c9nne~ted to network

ports without voltage sources, and segments H1 + 1 through H are connected to. network ports. with voltage sources. The remaining segments have no network

/ /
I It

/ / l

I / . .. ...

+ -4.IIY J

SEGMtNT I< Vi j SEGriENT j

IY

/ /

"/9 F/ /

SO FIl;ure 20, N;etwcork Connection tc Segnments.
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/ /

SEGMENT i <g t V• SEMENT j/ YII IIIt

FiSg re 21. Network Part and Voltage Source Connected to a Segment.

connections but may have voltage sourcem. In addition all of the segments

may be excited by an incident field represented by It on segment i. The

total field on sepent i is then

SE

where Vi is a sap voltage, due either to a network port or voltage source, and

Li is the segment length.

Equation (195) may be solved for current as

N

!iC- • EOilj i-1, ... , N• (199)

ii

-1 .th
where GI is the (i,j) element of the inverse of matrix G. Before

ii
evaluating equation (199), however, the unknown port voltages, Vi, for

i 0 i,.,.,MI must be determined. Hence, equatign (199) is written with all

known quantities on the right-hand side as

G. E" + 1 a Bi i-l ... , M, (200)

-7J
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where

P P
j A,

and

M N

L aJu i i i jlii Eja.-H1+1

Similarly, the network equations (196) are written using equation (197) as

S. , + I I CI inlI, ... , M . , (201)

Jai

where

!Yj.. "•i YiJ'

C " " • i VJ

j j M1+1

The current is then eliminated between equations (200) and (201) to yield

H1

,T G'-Y')E - C, 101, ... , H1 . (202)

The solution procedure 13 then to solve equation (202) for EP for j -
j

Then, with the complete excitation vector determined, use equation (199) to

determine Ii for i - l,...,N*, Finally, the remaining network equations with

equation (198) are used to compute the generator currenlts as

m
Is I Yij vi + I. ism +. , ... M. (203)

J.1I

The currents 1I determine the input admittances seen by the sources.

In NEC the general M-port network used here is restricted to multiple

two- ort networks, each connecting a pair of segments.

-71-



3. TRMA3MISSION LINE MODELING

Transmtsaion lines interconnecting parts of an antenna may be modeled

either explicitly by including the transmission line wires in the thin-wire

model, or implicitly by the method described in the preceding section, for

nonradiating networks. For an implicit model, the short-circuit-admittance

parameters of the transmission line viewed as a two-port network are

Y11 mY 22  "j Ya cot(ki)

Y12 Y 21 j Y csc(ki)

where Y is the characteristic admittance of the line, k is the wave number

(2w/X), and Z is the length of the line. If a separate admittance element

Is connected across the end of a transmission line, its admittance is added to

the self-admittance of that network port.

The implicit model is limited, however, in that it neglects interaction

between the transmission line and the antenna and its environment. This

approximation is Justified if the currents in the line Are balanced, i.e., in

a log periodic dipole antenna, and in general if the tranmission line lies

in an electric symetry plane. The balance can be upset, however, if the

transmission line is connected to an unbalanced load or by unsymmetric

interactions. If the unbalance is significant, the transmission line can be

modeled explicitly by includ:Lng the wires in the thin-wire model. The

explicit model is completely general, and yields accurate results since the

sine, cosine, and constant current expansion in NEC is a good representation

of the sinusoidal transmission line currents. The accuracy is demonstrated

in figure 22 for transmission lines terminated in short circuit, open circuit,

and matched loads.

The explicit transmission line model is, of course, less efficient in

computer time and storage because of the additional segments required. In

cases where the physical line presence does have a significant effect on the

results, the effect may be modeled by explicitly modeling a single conductor

of the line while using the implicit model to represent the balanced current

component.
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SHORT CIRCUIT

2

OPEN CIRCUIT

*4
MATCHED LOAD - 300 ohms

3

/ 0.0022

2

I Analytic SolutionNEC (Current at Segment Centers)
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GENERATOR LOAD
DISTANCE FROM LOAD IN WAVELENGTHS

Figure 22. Current Distribution on a Two-Wire Transmission
Line from NEC Compared with the Ideal Transmission Line
Solution.
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4. LUMPED OR DISTRIBUTED LOADING

Thus far, we have assumed that all structures to be modeled are perfect

electric conductors. The EFIE is easily extended to imperfect conductors by

modifying the boundary condition from equation (4) to

where Zs(r) is the surface impedance at r on the conducting surface. For a

wire, the boundary condition is

a. + r z,(s) Iws)

with r and a the position vector and tangent vector at s on the wire and

Z w(a) the impedance per-unit-length at a. The matrix equation can then be

written,

N z

where

aj - amplitude of basis function J,

EL = the incident field on segment i,

I, - current at the center of segment i,

Zi - total impedance of segment i,

Li I length of segment i.

The impedance term can be viewed am a constant field model of a voltage source,

as described in section V-1, where the voltage is proportional to current.

It is assumed that the current is essentially constant, with value IZ, over

the length of the segment, which is a reasonable aesumption for the electri-

cally short segments used in the integral equation solution.

The impedance term can be combined with the matrix by expressing Ii in

terms of the a i as
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N
J01 

cj

where A and C are the coefficients of the constant and cosine terms,

respectively, in the section of basis function j extending onto sepent I,

If basls function j does not extend onto segment 1, then A and C1 are zero.

The matrix equation modified by loading is then

Ns

l ij a " Ei i.1, ... ,N ,, (205)

where

Ci ii (A ' (206)

For a lumped circuit element, Zi is computed from the circuit equations. For

a distributed impedance, Zi represent. the impedance of a length bi of wire,

which in the case of a round wire of finite conductivity is given by

Z JAi wW - er(S) + I Bei(a)
i a 27ra Ber I(q) + j Boi'I(q)~

where

S (W1O)I/2

a1 - wire radius,

a wire conductivity,

Ber, Bei - Kelvin functions.

This expression takes account of the limited penetration of the field into an

imperfect conductor.

5. RADIATED FIELD CALCULATION

The radiated field of an antenna or reradiated field of a scatterer can

be computed from the induced current by using a simplified foro of equation

(1) valid far from the current distribution. The far-field approximation,

valid when the distance from the current distribution to the observation
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point is large compared to both the wavelength and the dimensions of the

current' distribution, treats the distance r - ' I as constant within the

integral except in the phase term, exp(-Jklr - r'1). For a structure

consisting of a wire portion with contour L ani current distrLbution T(s),
and a surface portion S with current ( the far-zone field is

k (-Jkro

0

J. {(A [ *I(s)) Iw ~s exp(Jt4)ds (207)

+ 4 G Xp(jtO.r)dA~

where ro is the position of the observation point kt 0 * I l -2r n

k a kk.The first integral can be evaluated in closed form over each straight

wire segment for the constant, sine, and cosine components of the basis

functions, and reduces to a sumation over the vire segments. With the

surface current on mach patch represented by a delta function at the patch

center, the second integral becomes a sumation over the patches.

The radiation pattern of an antennacaan be computed by exciting the

antenna with a voltage source and using equation (207) to compute the radiated

field for a set of directions in space. Alternatively, since the transmitting

and receiving patterns are required by reciprocity to be the same, the pattern

can be determined by exciting the antenna with plane-waves incident from the

same directions and computing the currents at the source point. The solution

procedure in NEC does not guarantee reciprocity, however, since the different

expansion and weigh~ting functions may produce arymmetry in the matrix. Large

differences between the receiving and transmitting patterns or a significant

lack of reciprocity in bistatic scattering are indications of inaccuracy in

the solution, possibly from too coarse a segmentacion of the wires or surfaces.

The power gain of an antenna in the direction specified by the

spherical coordinates (0,0~) is defined as

G (),o) 0 4 r 1i0
-76-
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where P(0,0) is the power radiated per unit solid angle in the direction

( and Pin is the total power accepted by the antenna from the source.

"Pin 's computed from the voltage and current at the source as

Pin Re(Vl*)

and-,

1 2

E is obtained from equation (207) with 'o* ir the direction (0,0), and ro R ft.

Directive gain is similarly defined as

SP rad

where P rad is the total power radiated by the antenna,

P rad E Pin " loss ,

and P1loseis the total ohmic ,loss in the antenna.
The radiated field of an antenna over ground is modified by the ground

interaction, as discussed in section IV, When the range from the antenna

to the observer, R, approaches infinity, the Sommerfeld formulation for the

field reduces exactly to a direct field determined by equation (207) and a

field from the image modified by the Fresnel reflection coefficient. In some

cases, however, when the observer is at a finite distance from the antenna,

the field components proportional to 1/R2 may be significant. While the 1/R

terms are generally much larger than the I/R2 terms at practical observation

distances from an antenna, the I/R terms vanish at grazing angles over an

imperfect ground plane leaving only the I/R' terms, dominated by a term known

as the ground wave. The ground wave is, of course, included in Sommerfeld's

expressions. Norton's asymptotic approximations (ref. 26) are used, however,

since they are more easily evaluated and give adequate accuracy, Norton's

formulas, which are in Part I1 of this manual under subroutine GWAVE, are valid

for R greater than a few wavelengths and to second order in k1/k 2 . When the

ground wave is included, the field has radial as well as transverse components.

-77-
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6. ANTENNA COUPLING

Coupling between antennas is often a parameter of interestt especially

when a receiving system must be protected from a nearby transmitter. Maximum

power transfer between antennas occurs when the source impedance and receiver

load impedance are conjugate-matched to their antennas. Determination of this

condition is complicated by the antenna interaction, however, since the input

impedance of one antenna depends on the load connected to the other antenna.

NEC-2 includes an algorithm for determining the matched loads and maximum

coupling by a method that was added to special versions of the previous codes

NEC-l and AM? (ref. 34).

The coupling problem can be solved in closed form by the Linville method

(ref. 35), a technique used In rf amplifier design. The first step is to

determine the two-port admittance parameters for the coupled antennas by

exciting each antenna with the other short-circuited and computing the self

and mutual admittances from the currents computed by NEC. The maximum coupling

is then
1[ 2)1/21

GH. MAX- (1-L2

where

L - 2Re(Y 1 ) Re(Y 2 2 ) - Re(Y 12 Y2 1 )

The matched load admittance on antenna 2 for maximum coupling is

YLL[-i- 0 + 1] Re(Y 2 2 )2
" I + O -22)

where

G W (YI12 Y21 *
o y -i12 Y211 ,

and the corresponding input admittance of antenna 1 is

y y - Y 21Y12
IN 1 Y 1 L + Y22
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Preface
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Abstract 0

The Numerical Electromagnetics Code (NEC-2) is a computer code for

anslyziag the electromagnetic response of an arbitrary structure consisting of

wires and surfaces in free space or over a ground plane. The analysis is

accomplished by the numerical solution of integral equations for induced

currents. The excitation may be an incident plane wave or a voltage source on

a wire, while the output may include current and charge density, electric or

magnetic field in the vicinity of the structure, and radiated fields. Hence,

the code may be used for antenna analysis or scattering and EMP studies.

This document is Part II of a three-part report. It contains a detailed

description of the Fortran coding, including the definitions of variables and

constants, and a listing of the code. The other two documents cover the

equations and numerical methods (Part 1) and instructions for use of the code

(Part III).

0

KEY WORDS FOR DD FORM 1473:

EM scattering
EH1r

Wire Model

Method of moments

0
viii



Section I
Introduction

The Numerical Electromagnetics Code (NEC-2)* is a user-oriented computer
code for the analysis of the electromagnetic response of antennas and other

metal structures. It is built around the numerical solution of integral

equations for the currents induced on the structure by sources or incident

fields. This approach avoids many of the simplifying assumptions required by
other solution methods and provides a highly accurate and versatile tool for

electromagnetic analysis.

The code combines an integral equation for smooth surfaces with one

specialized to wires to provide for convenient and accurate modeling of a wide
range of structures. A model may include nonradiating networks and transmis-

sion lines connecting parts of the structure, perfect or imperfect conductors,

and lumped-element loading. A structure may also be modeled over a ground

plane that may be either a perfect or imperfect conductor.
The excitation may be either voltage sources on the structure or an

incident plane wave of linear or elliptic polarization. The output may include. induced currents and charges, near electric or magnetic fields, and radiated

fields. Hence, the program is suited to either antenna analysis or scattering,
and DIP studies.

This document is Vol. II of a three-part report on NEC. It contains

a detailed description of the Fortran coding. Section It contains for each

routine: (1) a statement of purpose, (2) a narrative description of the

methodology, (3) definitions of variables and constants, and (4) a listing of
the code. The remaining sections cover the common blocks, system library

functions, array dimension limitations, and subroutine linkage.

The information in Vol. II will be df use mainly to persons attempting to
modify the code or to use it on a computer system with which the delivered

deck is not compatible.

Vol.1 describes the equations and numerical methods used in NEC and
Vol. III contains instructions for using the code, including preparation of

input data and interpretation of output. Persons attempting to use NEC for
the first time should start by reading Vol. Ill. Vol.1 will help the new

user to understand the capabilities and limitations of NEC.

* *N'TE-2 will be abbreviated to NEC elsewhere in this volume.

SI III I , ,,-1-



Section II
Code Desripton

In this section, each routine in NEC is described in detail. The main

program is described first and Is followed by the subroutines in alphabetical

order. For each routine, there is a brief statement of its purpose, a

description of the code, an alphabetized listing and definition of important

variables and constants, and a listing of the code. Variables that are Sn

common blocks, and hence occur in several routines, are usually omitted from

the lists for individual routines. They are defined in Section III uiider their

common block labels.

Following line MA 495 in the main program, all quantities of length have

been normalized to wavelength. Current is normalized to wavelength throughout

the solution. This changes the appearance of many of the equations. In

particular the wave number, k - 2w/X, usually appears as 2W.

-2-
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MAI N MAIN

PURPOSE
To handle input and output and to call the appropriate subroutines.

METHOD

The structure of MAIN is shown in the flow charts of Figures I and 2

where Figure I represents the first half of the code to about line MA 459.

Comment cards are read and printed after line MA 72 and subroutine DATAGN is

called at MA 90 to read and process structure data. If a Numerical Green's

Function (NGF) file was read in DATAGN then subroutine FINFG is called to

determine whether file storage is needed for the matrix and to allocate core

storage. When a NGF has not been read the mode of matrix storage cannot be

determined until line MA 464 since it depends on whether a NFG file is to be

written.

The box labeled "Read data card" in Figure 1 refers to the READ

statement at MA 139. Any of the types of data cards in Table I may be read at

this point to set parameters or to request execution of the solution part of

the code.

The integer variables IGO and IFLOW are keys to the operation of the

code. IGO indicates the stage of completion of the solution as listed in

Table 2. When a card requesting exection is read (NEI, N, RP, WG, or XQ) the

solution part of the code (Figure 2) is entered at the point determined by

IGO (see MA 385, AA 420, MA 429, and MA 457). After the current has been

computed IGO is given the value five. If subsequent data cards change

parameters, the value of IGO is reduced to the value in Table 1 to indicate

the point beyond which the solution must be repeated. For axample, when an EX

card is read IGO is set equal to three if it was greater than three but is

not changed if it was less than three. For cardm that request execution "ex."

is shown in Table 1.

IFLOW is used to indicate the typi of the previous data card. Whee

several cards of the same type can be used together (CP, LD, NT, TL, and EX

for voltage sources) a counter is incremented and data is added to arrays if

the card is the same as the previous card as indicated by IFLOW. If the

previous card was different the counter is initialized and previous data in

the arrays is destroyed. IFLOW is also used to indicate what type of card
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MAIN

Sstart of new casei
Nm..ricl [_.gad and print comment$
Green'I '_
Function-da~

Call DATAGN to read
atructure data J

Allocate matrixc storage1
when NGF Li used

Read data card

3ranch to section forparticular card. Store

F e .i ranh to Mection f

peFarameoers, a-u-t 1
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MAIN

Allocate matrix storage
when NGF is not used

Compute interaction matrix
and decompose into LU
or perform NGF manipulations'.

Set excitation array

Solve for current

Compute input powers
efficiency, etc.

Compute near field,
radiated field if
requested

ligure I

Figure 2. Flow Diagram of Main Program
Computation Section
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MAIN

AS LE 1

1 AIN(I) GO TO Line t0o IFLOW

1 21 CP 3 04 202 - 2

2 19 EK 320 194 2 1

3 13 EN STOP 166 - -

4 5 EX 24 275 3 5

5 2 FR 16 172 1 1

6 9 GD 34 389 - 9

7 4 GN 21 245 2 4

8 16 KH 305 187 2 1

9 3 LD 17 221 2 3

10 8 NE 32 370 ex.* a

11 17 NH 208 368 ex.* 8

12 6 NT 28 321 3 6

13 12 NX 1 69 1 1

14 18 PQ 319 358 - -

15 15 PT 31 348 - -

16 10 RP 36 398 ax. 10

17 14 TL 28 321 3 6

18 20 WG 322 424 Ux. 12

19 7 XQ 37 433 ax. 7 or 11

* NE and NH do not causle executicon when multiple frequencies have been

requested on the FR card. This allows computation of both near fields and
radiated fields in a frequency loop.
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TWOi 2.

IGO Completion Point

I. Start

2 Frequency has been set and geometry
scaled to wavelength

3 Interaction matrix filled and factored

4,5 Current computed and printed
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MAIN

requested the solution (NE, RP, etc.). Cards such as RP may be stacked

togetner but are not stored since they are acted upon as they are encountered.

The solution part of the code contains a loop over frequency starting at

MA 463 and a loop over incident field direction starting at NA 562. FBLOCK is

called at HA 465 to determine whether file storage is required for the

matrix. From MA 466 to MA 493 the structure data are scaled from units of

metars to wavelengtn or from one wavelength to the next when frequency is

changed. Subroutine LOAD is called at HA 497 to fill array ZARRAY for the

given frequentcy. ht KA 320 the So-merfeld interpolation tables are read from

file TAPE21 if this option is used. NXA(l) is set to zero at MA 67 so the

test ensures that the tApe is read only once.

When the NGF option is not in use the matrix is filled by subroutine

CMSET at HA 537 and factored by subroutine FACTRS at MA 540. When the NGF is

used the equivalent steps are performed by CMNGF and FACGF. If a NOF file is

to oe written, subroutine OFOUT is called at MA 557 to write TAPE20.

Subroutine ETMNS, called at KA 582, fills the excitation array and the

current is computed in subroutine NETWK called at HA 611. If transmission

lines or two port networks are used N•E7K combines the network equations with

driving-point interaction equations derived from the primary interaction

matrix. Otherwise the current is computed directly from the primary matrix.

The remainder of MAIN prints the currents and calls subroutines for near

fields, radiated fields or coupling.

SYMBOL DICTIONARY.,

AIN w mnemonic from data card

ATST - array of possible data card mnemonics

Ci4AG w magnitude of the current in amperes

COM - array to store text from comment cards

CUI - current on segment I in amperes

CVEL w (velocity of light) (10-6) in meters/second

DELFRQ - frequency increment (additive or multiplicative)

DPH - far-field ý angle increment in degrees (input

quantity)

DTH w far-field 0 angle increment in degrees (input

quantity)

L-8-



MAIN

DXN• - near-field observation point increments (input

DYNR quantities with multiple meanings -- see NE card)
•KJ/

EPH a current component in direction t2 on patch

EPHA a phase angle of CPH

EPHH n magnitude of EPH

EPSC - complex dielectric constant of ground ,. a cc

jo/we .)

EPSCF a c€ read from file TAPE21

EPSR a Cr

EPSR2 a Cr for outer ground region

ETH - current component in direction ;l on patch

ETHA a phase angle of ETH

ETum a magnitude of ETH

EX n ; component of current on a patch
EXTIM 0 time at start of run (seconds)

EY - component of current on a patch

EZ a z component of current on a patch

FJ W -,

FMHZ - frequency in MNz

IFHRZS - frequency in MHz

FNOW4 a multiply used array; stores impedances for printing of

the normalized impedance or stores currents in the

receiving pattern case for printing normalized

receiving pattern

FR - (next freqcuency)/(present frequency)

FR2 - (FR)(FR)

GNOR - if non-zero, equals gain normalization factor (dB)

from RP card

HPOL - array containijng polarization types (Hollerith)

IAVP - input integer flag used in average gain logic (RP card)

lAX - ihput integer flag specifying gain type (RP card)

I81l - location in array CM for start of storage of submatrix

B when NGF is used

ICi1 - location in array CM for start of storage of submatrix

C when NGF is used

-9-



MAIN

ID11 n location in CH for submatrix D

IEXK - flag to select the extended thin-wire kernel

IFAR - input integer flag specifying type of field

calculation and type of ground system in far field

(RP card)

IFLOW a integer flag used to distinguish various input

sections

IFRQ a input integer flag specifying type of frequency

steppia; (F& card)

1GO = integer to indicate stage of completion of the
solution

INC M incident field loop index

INOK 0 input integer flag used for normalized gain request

(RP card)

IPD = input integer flag selects gain type for

normalization (RP card)

IPED a input integer flag used for impedance normalisation

request (EX card)

IPTAG = input integer for print control equal to segment tag

number (PT card)

IPTAGF a input integer for print control specifying segment

placement in a set of equal tags (PT card)

IPTAGT - same function as IPTAGF (input, PT card)

IPTFLG = input integer flag specifying type of print control

(PT card)

IPTAQ

IPTAQF = same as above four variables but for PQ card

IPTAQT

1PTFLQ

IRESRV a length of array CM in complex numbers

IKNGF a storage in array CM that is reserved for later use

when a NGF file is written

ISANT a array of segment numbers for voltage sources

ISAVE = segment number for normalized receiving pattern

calculation

-10-



MAIN

ISEGI (I I segment numbers of end I and end 2 of the ith

"ISEG2 (I)j network connection

ITMPI to ITMP5 w temporary storage

IX = array for matrix pivot element information

lxiil a location in CM of the start of an array in the NOF

solution

IXTYP a excitation type from EX card

KCOM = number of comment cards read

LDTAO a tag number of loaded segment

LDTAGF U number of first loaded segment in set of segments

having given tag

LDTAGT M last loaded segment

LDTYP - loading type

LOA•MX - maximum number of loading cards

MASYM a flag to request matrix asymmetry calculation

MHZ a frequency loop index

MPCNT 0 counter for data cards

I400UP a number of excitation points for coupling calculation

NCSEG ~ a excitation segment for coupling calculation

NCTAGJ

NEAR n increment option for near field points

NEQ a order of the primary interaction matrix

NEQ2 • number of new unknowns in NGF mode

NEThX - maximum number of network data cards

NFEH U 0 for near £ field, I for near H

NFRQ a number of frequency steps

NONET a number of network data cards

NOW.F W dimension of FNORM

NPRI a number of phi steps in incident field

NPHIC - loop index for phi in incident field

NPRINT a print control flag for subroutine NETWK

NRKX

NRY 0 number of steps in near field evaluation loops

NRZ,,

NSANT w number of voltage sources

X ;,maximum number of voltage source-

S~-11-



MAIN

NTHI a number of theta steps in incident field

NTHIC - loop index for theta in incident field

PH a phase angle of current or charge (degrees)

PHISS a initial * value for incident field

PIH a Pin , total power supplied to a structure by all

voltage sources (Z Re(VI*)/2). lot a Hertlian

dipole source Pin a n(w/.3)lZL/XI 2.

PLOSS a power lost Ln distributed and point structure loads

in watts

PNET • array contains Hollerith transmissiou line type

RFLD a if non-serop equal to input far-field observation

distance in meters

RKH a minimum separation for use of approximate

interaction equations

SCRALT a input length of radials in, radial wire screen (ON

card) in meters

SCRWRT a radius oi wires in radial vire ground screen in

meters

SIG a conductivity of ground (0 in mhos/meter on ON card)

S1G2 a conductivity of second medium in mhos/meter'(GN and

GD card)

TA U 71/180

THETIS W initial 8 for incident field

THETS W initial e for radiated field

TIM a matrix computation time (seconds)

TMPL to TMP6 a temporary input variables

XPRI to XPR6 u input quantities for incident field or Hartzian

dipole illumination

ZLI a input quantities for loading

ZLR

ZPNORM a impedance normalization quantity

CONSTANTS

1,.E-20 W used as small value test

0
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1.745329252 - i/180

2367.067 - 2 itr

59.96 m 1/(2c 0C 0

299.8 - C/10 6
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MAIN

I PROGRAM NCC(INPUTTAPESuZNPUTOUTPUT.TAPEiiTAPE12,TAPEI3.TAPCi4, MA 1
2 1'TAPE15,TAPE16,TAPE2OTAPC21) MA 2
3 c MA 3
4 C NUMERICAL ELECTROMAGNETICS CODE (NEC2) DEVELOPED AT LAWRENCE MA 4
5 C LIVERMORE LAN., LIVERMORE, CA. (CONTACT 0. BURKE, 405-422-8414) MA 3
I C FILE CREATED 4/11/80. MA 0
7 C MA 7
a C **S*SNTCES@SeOMA 8

9 C THIS COMPUTER CODE MATERIAL WAS PREPARED AS AN ACCOUNT Of WORK MA I
10 C SPONSORED BY THE UNITED STATES GOVERIHIENT. NEITHER THE UNZTED MA 10
ii C STATES NOR THE UNITED STATES DEPARTMENT Of ENERGY, N4OR ANY Of MA ii
12 C THEIR EMPLOYEES, NOR ANY 0f THEIR CONTRACTORS, SUBCONTRACTORS, OR MA 12
13 C THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR MA 13
14 C ASSUME$ ANY LEGAL LIABILITY ON RESPONSIBILITY 7CR THE ACCURACY, MA 14
is C COMPLETENESS OR USEFULNESS Of ANY INFORMSATION, APPARATUS. PRODUCT MA 16
Is C OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT MA 10
17 C INFRINGE PRZYATELY-40WED RIGHTS. MA 17
Is C MA II
It INTEGER AIN,ATST,PNETNPOL MA 10
20 COMPLEX CM,TJ,VSANT,ETH,EPH,RRATI,CUR,CURI,lARRAYZRAtIZ MA 20
21 COMPLEX EX,EY,EZ,ZPED,VOD,VODS,TI,YjIAYI2A,EPSC,UU2,XXI,XX2 MA 21
22 COMPLEX ARt ,AR2,AR3,EPSCF,rRATI MA 22
23 COMMON /DATA/ LO,NI,N2,N,NP,MI,M2,M,MPX(3OO),Y(300),Z(300), MA 23
24 1SI(300),SI(300).ALP(300),SET(300),IcoNi(300),ICON2(300), MA 24
25 2ITAC(300) ,ICONX(300) ,WLAM,IPSYM MA 25
26 COMMON /CMB/CM(4000) MA 20
27 COMMON /MATPAR/ ICASE,NULOKS,NPBLK,NLAST,NILSYM,NP5YM,NLSYM,IMAT, MA 27
28 iICASX,NIDXNPUXNLIX,NBIL,NPIL,NLSL MA 25
21 COMMON/SAVEt/IP(600),KCOM,COM(13,5) ,EP5RSZGSCRLT,SC~RWTFMHZ MA 21
30 COMMON /CRNT/ AIR(300),AII(300),SZR(300),3II(300),CIR(300), MA 30
31 I CII(300),CUR(900) MA 31
32 COMMON /OND/ZRATI,ZRAT12,FRATI.CL,CH,SCRW.,SCRWR NRADL,KSYMP,I7AR, MA 32
33 IIPERr,TiT2 MA 33
.34 COMMON /ZLOAD/ ZARRAY(300) ,NLOADNLODF MA 34
35 COMMON/YPARM/NCOUP,ICOUPNCTAO(5),NCSEO(5) ,YIIA(5),yI2A(20) MA 35
36 COMMON /SCOJ/ AX(3O),IX(30).CX(3O),JCO(30) ,JSNOZSCON(5O).NSCON, MA 36
37 IZPCON(1O),NPCON MIA 37
36 COMMON/VSORC/VQO(3O) ,VSANT(30) ,VQDS(30),IVQD(3O),ISANT(5O). MA 38
SI IIODS(30).NVQDHSANTINODS MA 39
40 COMMON/NETCX/ZPtDPIN,PNLS,NEO,N4PEQ,NEQI,NONETNTSOL,NPRINT, MA 40
41 IMASYM,ISEOI(30),ISEO2(30).XIIR(3O).X111(30),X12R(30),X121(30), M4A 41
42 1X22R(30).X22I(30).NTYP(30) MA 42
43 COMMON/rPAT/NTHNPH,IPD.IAVPINORIAXTHETS,PHIs.DTH.DPH, MA 43
44 IRFLD,ONORCLTCHT.EPSR2,S102,IXTYP,XPRIPINR,PNLRPLOSS. MA 44
45 INIAR.NFEHNRX,NRYHRZXNR,YNR.ZNR,DXNR,DYNR,DZNR MA 45
46 COMMON /OORID/ ARI(11,I0,4),AR2(17.5,4),AR3(g,6,4).EPSCf.DXA(3). WA 46
47 IDYA(3).XSA(3),YSA(3),NXA(3),NYA(3) MA 47
48 COMMON/GWAV/U,U2,XXI.XX2,RI,R2,ZMHZPH MA 48
40 DIMENSION CAS(1),SAI(I).X2(1)',Y2(I),Z2(1) MA 49
so DIMENSION LCTYP(3O),LDTAO(30),LDTA~r(30),L.DTAGT(30),ZLR(30), MA 50
51 IZLI(30),ZLC(30) MA 51
52 DIMENSION ATST(2I),PNET(G),HPOL(3),Ix(SOO) MA 52
83 DIMENSION FNORM(200) MA 53
54 DIMENSION TlX(I),T1Y(I),TiZ(1),T2X(I).T2Y(1).T21(I) MA 54
55 EQUIVALENCE (CASALP),(SAIIET),(X2,SI),(Y2.ALP),(Z2,SET) MA 55
56 EQUXVALENCE (TIX,SI),(TIYALP),(TIZ,IET),(T2XICONI ),(T2Y,ICON2), MA 56
57 1 (T22,rTAG) MA 57
$a DATA ATST/2HCE,2HFR,2HLD.2HON,2HCX,214NT,2HXQI2HNE.2HGD,2HRP,2HCM, MA 5I
59 1 2HNX,2HCN,2HTL,2HPT.2HKH,2HNH,2HP0,2HEK,2HWG,2HCP/ MA 51
60 DATA HPOL/6HLINEAR,SHRIGHT,4HLEFT/ MA 60
61 DATA PNET/ON ,2H ,6HSTRAIG,2HHT,lHCROSSEiHD/ MA 61
62 DATA TA/I .745329252C-02/.CVEL/219.8/ MA 62

63 DATA LOAOMX,NSMAX,NCtMX/30,30,30/,NORMr/200/ MA 03
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64 CALL SCCOND(EXTIM) MA 64
65 F~(.I)MA 05
66 LDw300 MA 66
67 NXA(I)mO MA 67WB IRCSRVu4000 MA 68
631I KCOMNO MA 69
70 2 KCOMNKCOM+i MA 70
71 IF (KCOM.GT.5) KCOMU5 MA 71
72 READ(5,125)AN,(COM(I,KCOM),Iul,13) MA 72
73 zr(KCOMoT.I)oO TO 3 MA 73
74 PRINT 126 MA 74
75 PRINT 127 MA 75
76 PRINT 126 MA 76
77 3 PRINT 12t. (COM(I,KCOM),Zu1,13) MA 77
76 IF (AIN.EQ.ATST(l1)) 0O TO 2 MA 78
71 IF (AIN.EO.ATST(I)) 00 TO 4 MA 71
s0 PRINT 130 MA 60
$I STOP MA 81
62 4 CONTINUE MA 62
03 DO 5 1.1 ,LO MA 63
84 5 ZARRAY(1)9(0.,O.) MA 54
35 MPCNT.O MA 85
6s IMATwO MA 66
87 C MA 67
as C SET UP GEOMETRY DATA IN SUBROIJTZNE DATAGN MA 85
At C MA 89
00 CALL DATAGN MA 60
01 IFLOW91 MA III
92 ZF(IMAT.EQ.O)0O TO 326 MA 92
63 C MA 93
64 C CORE ALLOCATION FOR ARRAYS 1, C, AND D FOR N.G.F. SOLUTION MA 04
95 C MA 65
21 NElunI42*Ml MA 06
97 NEO2uN-NI+2*(W-M1 )4NSCON+2ONPCON MA 67
to CALL FINOF(NEO.NEQ2,IRESRV.IuIt,ICII,101111XII.) MA 66
03 0070O6 MA Of
100 326 NEQuN+2*M MA 100
101 NEQ2uO MA 10i
102 eiUisu MA 102
103 WiCtm MA 103
104 1011m1 MA 104
105 Ixlul MA IDS
106 ICAS~u0 MA 106
107 6 NPCEuNP+2$MP MA 107
108 PRINT 135 MA 106
109 C MA 109
110 C DEFAULT VALUES FOR INPUT PARAMETERS AND FLAGS MA 110
III C MA Ill
112 100.1 MA 112
113 FMHZSmCVEL MA 113
114 NFROwl MA 114
115 RKHwI, MA 115
116 IEXK*O MA 116
117 IXTYPwO MA 117
lie NLOADwO #AA III
119 NONETvO MA III)
120 NCAR.-I MA 120
121 IPTrLGu-2 MA 121
122 1PTFLQw-l MA 122
123 IFARs-i MA 123
¶24 ZRAT~mI,(1.,) MA 124
125 IPE~wO MA 125
126 IRNGr.C MA 121
127 NCOUPm0 MA W2



MAIN
126 ICOUuwo MA 128
12% IF(ICASX.OTO)0O TO 14 MA 129
130 FMNZwCVCL MA 130
131 NLODFw0 MA 131
132 KSYMPui MA 132
133 NRADLE0 MA 133
134 IPERFOO MA 134
135 C MA 135
136 0 MAIN INPUT SECTION - STANDARD READ STATEMENT -JUMP TO APPRO- MA 136
137 C PRIATE SECTION FOR SPECIFIC PARAMETER 6ET UP 4A 137
13 C MA 133
130 14 REAO(5,136)AIN,ITMPI,ITMP2,ITMP3,ITMP4,TMPI,TMP2,TMP3,TMP4.TMPS, MA 131
140 iTMPG MA 140
141 MPCNTuMPCNTNi MA 141
142 PRINT 1137, MPCNTý,AZN,ITWP¶ ,ITMP2,ZTMP3,ZTMP4,TMPI ,TMPZ,TMP36TMP4, MA 142
143 ITMP5.TMPG MA 143
144 IF JAIN.EOATST( 2)) 00 TO 16 MA 144
145 Ir (AIN.EQ ATST(3)) 00 TO 17 MA 145
146 If (AIN.EQ.ATST 4) 00 TO 21 MA 146
147 IF (AINEQ.ATST(5) 00 TO 24 MA 147
145 IF. AIN.EQ.ATST(6)) 00 TO 26 MA 148
140 If (AZN.[Q.ATST(14)) 0O TO 26 MA 140
150 IF (AIN.E0.ATST(15)) 00 TO 31 MA 130
151 IF (AIN.EO.ATST(¶I) 00 TO 310 MA 151
152 IF (AIN.EQ.ATST(?)) 00 TO 37 MA 152
153 If (AIN.[Q.ATST(G)) 00 TO 32 MA 153
154 Zr (AIN [a.ATST (¶7)) 00 TO 20B MA 154
155 If (AIN1IO.ATST(0)) 00 TO 34 MA 155
IS$ IF (AIN.[Q.ATST(IO) 00 TO 36 MA 156
157 IF ýAIN.IQATST(16) 00 TO 306 MA 1W
156 IF (AINI[Q.ATST(l0)) 0O TO 320 MA 153
153 IF (AIN IQATST(¶2)) 00 TO 1 MA 150
IS0 IF (AINEtQ.ATST(20)) 00 TO 322 kA 1160
101 IF (AIN to ATST(21) 00 TO 304 MA 161
162 IF (AWNNEATST(13)) 00 TO 15 MA 142
163 CALL SICOND(TMPI) MA 163
164 TMPlwTMPI-EXTZM MA '34
165 PRINT 201,TMPI MA 165
1M STOP MA 166
167 15 PRINT 131 MA 167
1s$ STOP MA 166
ISO c MA 160
¶70 C FREOUENCY PARAMETERS MA 170
171 C MA 171
172 i6 IFRQ.ITh4Pl MA 172
173 IF(ICASX.EQ.0)00 TO 8 MA 173
174 PRINT 303.AXN MA 174
175 STOP MA 175
176 a NFRQ.ITMP2 MA 176
177 IF (NFRO.EQ.O) NFRONI MA ¶77
176 rMHZ.TMPl MA 176
¶70 DELFN~uTMP2 MA 170
160 IF(IFED.CQ.1)ZPNORMwO MA 160
¶61 10001 MA 161
102 IFLOYMI MA 162
103 00 TO 14 MA ¶83
¶64 C MA ¶84
¶65 C MATRIX INTEGRATION LIMIT MA 155
136 C MA 188
187 305 RKH=TMPI MA 187
IS$ lrIG(Z07.2)10O.2 MA IS.
leg IFLOWNI MA 180
190 00 TO 14 MA 100
101 C MA ¶19
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122 C EXTENDED THIN WIRE KERNEL OPTION MA 112
193 C MA 193
164 320 IEXKmI MA 194
195 IF(ITMPI.C,,-1)ICXKO MA 195
196 IF(O0.OT.2)1002 MA 195
127 IFLOW=I MA 197
198 00 70 14 MA 198
199 C MA 199
200 C MAXIMUM COUPLING BETWEEN ANTENNAS MA 200
201 C MA 201
202 304 1r(IrLOW.NE.2)NCOUPsO MA 202
203 ICOUPO MA 203
204 IFLQW.2 MA 204
205 IF(ITMP2.EQ.O)OO TO 14 MA 205
200 NCOUP*NCOUP+i MA 206
207 ZP(NCOUP.OT.5)0O TO 312 MA 207
208 NCTAO(NCOUP)mITMPI MA 208
209 NCSEO(NCOUP)wITMP2 MA 209
210 ZF(ITMP4 [0,0)0O TO 14 MA 210
211 NCOUPwNCOUP+l MA 211
212 Zf(NCOUP.OT.5)GO TO 312 MA 212
213 NCTAG(NGOUP)aITMP3 MA 213
214 NCStO(NCOUP)=ITMP4 MA 214
215 00 TO 14 MA 215
216 312 PRINT 313 MA 216
217 STOP MA 217
216 C MA 218
219 C LOADINO PARAMETERS MA 2V0
220 C MA 220
221 17 IF (IFLOW,[O.3) O0 TO 18 MA 221
222 NLOADwO MA 222
223 IFLOWE3 MA 223
224 IF (1O0,GT.2) 10092 MA 224
225 IF (ITMPI.CO.(-1)) 00 TO 14 MA 225
226 18 NLOAD-NLOAD+i MA 226
227 zr (NLOAD.L[.LOADMX) 00 TO 19 MA 227
228 PRINT 139 MA 228

229 STOP MA 229
230 it LDTYP(NLOAD)nITMPI MA 230
231 LDTAO(NLOAD)mZTMP2 MA 231
232 IF (ZTMP4.EQ.0) ITMP4wITMP3 MA 232
233 LDTAOF(NLOAD)uITMPS MA 233
234 LDTAOT(NLOAD)uITMP4 MA 234
235 IF (ITMP4.CE.ZTMP3) G0 TO 20 MA 235
230 PRINT 140, NLOADITMP3,ITMP4 MA 236
237 STOP MA 237
238 20 ZLR(NLOAD)*TMPI MA 238
239 ZLZ(NLOAD)uTMP2 MA 239
240 ZLC(NLOAD)nTMP3 MA 240
241 00 TO 14 MA 241
242 C MA 242
243 C GROUND PARAMETERS UNDER THE ANTENNA MA 243
244 C MA 244
245 21 IFLOWu4 MA 245
246 IF(ICASX.EQ.O)O0 TO 10 MA 246
247 PRINT 303,AIN MA 247
246 STOP MA 248
249 10 IF (ICOGT,2) 1OOw2 MA 249
250 IF (?TMPINC.(-1)) 00 TO 22 MA 250
251 KSYMPwi MA 251
252 NRADL=O MA 252
253 !PCRrmO MA 25o'
254 00 T0 14 MA 254
1255 22 ZPCRrwITMPI MA 255
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MAT N

256 NRADLmITMP2 MA 256
257 KSYMPm2 MA 257
258 EPSR=TMPI MA ?55
259 SIO.TMP2 MA 259
260 IF (NRADL.EQO0) GO TO 23 MA 260e
261 xr(ZPEAF.NE.2)OO TO 314 MA 261
252 PRINT 330 MA 262
253 STOP MA 263
254 314 SCOWLT*TMP3 MA 264
265 SCWR"TRTMP4 MA 265
266 00 TO 14 MA 266
91? 23 1P~2kaTMP3 MA 267
263 SZ202TMP4 MA 268
260 CLTwTMP5 MA 263
270 CHTNTMPG MA 270
271 00 TO 14 MA 271
272 C MA 272
273 C EXCITAYI0N PARAMETER! MA 273
274 C MA 274
275 24 I! (Z!LOW.EQ.5) 00 TO 25 MA 275
276 NSANTm0 MA 276
277 NVODNO MA 277
276 Zi'E0u0 MA 276
279 I'LOA'u5 MA 279
260 IF (100.OT.3) 10003 MA 280
261 25 MASYMm.TMP4/l0 MA 281
262 IF (ITMPl.OT,0.AND.!TMPt.NlE.5) 00 TO 27 MA 282
283 EXTYPuITUPI MA 263
264 NTSOLmO MA 264
265 U'(ZXTYP.CQ.O)00 TO 205 MA 265
266 NVQDNNVQD4'1 MA 286
267 Z!(NvQD.OT.NSMAX)OO TO 206 MA 287
288 IVQD(NVQD)wlSEGNO(tTh4P2.ZTMP3) MA 285
269 QOD(NVOO)*CMPLX(TMPiI ~TMP2) MA 263
290 U'(CAIS(VOD(NVQO)),LTi.1 .- 20)VOD(NVQD)u(1.,O.) MA 2300
291 GO TO 207 MA 291
232 205 NSANToNSANT~i MA 292
293 IF (NSANTALENSMAX) 00 TO 26 MA 293
294 206 PRINT W4 MA 294
235 STOP MA 235
216 26 ISANT(NSANT).ISEGONITMP2,!TMP3) MA 296
237 YSANT(NSAN'().CMPLX(TMP1 ,?MP2) MA 297
295 IF (CABS(YSANT(N3ANT)),LT.l.E-20) V5ANT(N$ANT)m(1.10.) MA 296
299 207 IPEO.ZTMP4-MASYhI6l0 MOA 293
S00 ZPNORMmTMP3 MA 300
301 IF (ZPEO.CO.1.AND.ZPNORM.GT.O) IPED=2 MA 301
302 00 T0 14 MA 302
303 27 IF (IXTYPAQ10.0OR. XTYPAQ-5) NTSOLwO MA 303
304 IXTYPwITMPi MA 304
305 NTHI=IuTMP2 MA 305
So6 NPHImITMP3 MA 306
307 XPRI.TMPl MA 307
308 XPR2wTMP2 MA s0#
306 XOPSSTMPS MA 309
310 XPR407MP4 MA 310
311 XPR5vTMP5 MA 311
312 XPRSPTMPS MA 312
V13 NSANTEO MA 31.3
314 NVQDuO MA 314
315 THETISaXPR¶ MA 3Vs
316 PHZSS=XPR2 MA 316
317 00 TO 14 MA 31?
S18 C MA 318
319 C NETWORK~ PARAMETERS MA 319



M4AIN

320 C MA 320
321 26 If (Z7LOW-CO.6) 00 TO 29 MA 321
322 NONE 7.0 MA 3220323 NTSOLmO MA 323
324 IFLOin6 MA 324
325 IF (100.07.3) ICONS MA 325
326 IF (ZTMP2.CO.(-I)) 00 TO 14 MA 326
327 29 NONET.NONET4.l MA 327
323 IF (NONET.LE.NCTMX) 00 TO 30 MA 323
329 PRINT 142 MA 329
330 STOP MA 330
331 30 NTYP(NONET)u2 MA 331
331 IF (AZNAMQATST(6)) NTYP(NO~tYZ).1 MA 332
333 rscoil(NONET ) uhSENO(ZTWP1,ZTMP2) MA 333
334 3t312( NONET ) ZSEONO(ZTMP3,ITMP4) MA 334
335 XIIR(NONIT)uTMPI MA 330
336 XIIZ (NONCT ) UTMP2 MA 336
337 X120 (NONET ) TMP3 MA 337
130 Xi2I (NOWI ) TMP4 MA 336
339 X22R (NONET ) .71PS MA 339
340 Xa221(NONET mTMPS MA 340
341 IF (NTYP(NONCT).EQ.¶ .OR.TMPI.OT.0.) @0 TO 14 MA 341
342 NTYP(NOEtY)oS MA 342
343 XIIR(NONCY)m-IMPI MA 343
344 00 TO 14 MA 344
345 C MA 345
346 C PRINT CONTROL FOR CURRENT MA 346
*347 C MA 347
346 31 ZPTFLOwZTWPI MA 345
349 IPTAGPITMP2 MA 349
350 IPTAOFuITM03 MA 350
II1 IPTA0TUITM14 MA 351
352 17(ITMP3.EQ.OANO.ZPT7LO.NE*-1)ZPTFLOR-2 MA 352
353 IF (ZTMP4.EGO.) IPTAOTmZPTAOF MA 353
354 00 TO 14 MA 354
355 C MA 355
356 C PRINT CONTROL FOR CHARGE MA 356
357 C MA 357
358 319 IPTFL~wZTMPI MA 356
359 IPTAQn!TMP2 MA 359
360 IPTAQFwITMP3 MA 360
311 ZPTAOTxITMP4 MA 361
362 IF(ITMPS.CQ.O.AND.ZPTVLQ.NC.-l)IPTFLOU-2 MA 362
363 IF(ZTMP4.cQO)IPTAOTw!PTA0r MA 363
364 00 TO 14 MA 3164
365 C MA 365
366 C NEAR FIELD CALCULATION PARAMETERS MA 366
367 C MA 367
366 208 NrCHaI MA 368
309 00 TO 209 MA 369
370 32 NFCHwO MA 370
371 209 IF (.NO7.(ZFLOW.EO.6.AND.NFR0.NC.1)) 00 TO 33 MA 371
372 PRINT 143 MA 372
373 33 NEARuITWPI MA 373
374 NRXwITMP2 MA 374
375 NRYuITWP3 MA 375
376 NRZmITMP4 MA 376
377 XNRuTMPI MA 377
376 YNRwTMF2 MA 376
379 ZN~n!MP3 MA 379
MS DXNRuTMP4 MA 360

3681 DYNRmTMP5 MA 361
362 DZNRuTMP6 MA 362

383 IFLO*mI MA 383



MA •N

364 ZI (NFRON,.I) 00 TO 14 MA 384
365 00 TO (41,41,53,71,72), ZOO MA 385
366 C MA 3866
387 C GROUND REPRESENTATZON MA 387
348 C MA 311366 34 CPSRIuTMPI MA 366

390 SIO20TMP2 MA 390
391 CLTwTMP3 MA 361
392 CHTwTMP4 MA 302
313 IrLoft9 MA 393
314 00 TO 14 MA 364
395 C MA 365
396 C STANDARD OBSERVATION ANOL9 PARAMETERS MA 368
Sol C MA 3t?
398 36 trARmZTMPI MA 306
366 NTHuZTMP2 MA 391
400 NPIwuTMP3 MA 400
401 IP (NTN.O.0) NTHMl MA 401
402 If (NPH.9Q.0) NPHmI MA 402
403 ZPOEZTMP4/10 MA 403
404 ZAVPuITMP4-IPD'Oi MA 404
405 INORaZPD/JO MA 405
400 ZPImZPD-INOR*1O MA 406
407 IAXuINOR/lO MA 407
408 ZNORmZNOR-ZAX' O MA 408
409 Zr (ZAXNEO) ZAXWI MA 409
410 If (IPD.N.0) IPDmt MA 410
411 If (NTH,.2LT.2O.NPHL.,2) IAVPwO MA 411
412 Zr (ZFAR.EO,1) ZAVPNO MA 412
413 THETSmTMPl MA 413
414 PHISMTMP2 MA 414
415 DTHmTMP3 MA 415
416 DPHwTMP4 MA 416
417 RrLD-TMP5 MA 417
418 ONORmTMPl MA 418
416 ZrLOWMiO MA 419
420 00 TO (41,46,53.71,78), ZOO MA 420
421 C MA 421
422 C WIZTE NUMERICAL 4RE[N'C FUNCTION TAPE MA 422
423 C MA 423
424 322 IFLOW02 MA 424
425 IF(ICASX.CO.O)GO TO 301 MA 425
426 PRINT $02 MA 428
42V STOP MA 427
429 301 IRNOFa0RCSRV/2 MA 428
429 00 TO (41,46,52,52.52),ZG0 MA 429
430 C MA 430
431 C EXECUTE CARD - CALC. INCLUDING RAD0ATID FIELDS MA 431
432 C MA 432
433 37 IF (IFLOW.CO.10.ANDZTMPICO.O) 00 TO 14 MA 433
434 IF (NrRO.EO,1,AND.ITMPI,E.O.OAND.ZFLOW.0T.7) 00 TO 14 MA 434
435 IF (ITMPINE[O) 00 TO 30 MA 435
436 IF (ZFLOW.OT.7) 00 TO 36 MA 436
437 IFLOWw7 MA 437
438 O0 TO 40 MA 438
439 38 IFLOWa1 MA 439
440 00 TO 40 MA 440
441 39 IFAR*O MA 441
442 RFLDsO MA 442
443 IPDmO MA 443
444 IAVPwO MA 44
445 INORaO MA 445
446 IAXmO MA 446
447 NTHw0I MA 447
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KAIN

44B NP~aI MA 448
449 TMETSW0. MA 449
450 PHISNO, MA 450
451 0114.1.0 MA 451
452 DPHC0, MA 452
453 IF (IT701.10.2) PHSUIC. MA 453

455 NPHP2MA 5

456 DPHW90,MA45

457 40 0010O (41,46,53.71.78), zoo MA 457
451B CMA 459
460 CMA 460
491 BEINNNG o TH rpucny00 OOPMA 461
462 CMA 462

430 MI4ZwI MA 463
44C CORE ALLOCATION FOR PRIMARY INTIRACTON MATRIX. (A) MA 464
45 ZF(IMAT.CQ.O)CALL FULOCK(NPtQ,NIO,ZRESRV,IRNOF,ZPSYM) MA 465

466 42 IF (MHZA.lQ) 00 TO 44 MA 466
467 If ZR.Q) 00 T0 43 MA 467
468 FMHnIFMI4Z+DELFRO MA 468
469 00 TO 44 MA 469
470 43 rMHZuFMHZOE[LrRQ MA 470
471 44 rRormNz/FMHZS MA 471
472 WLAM.CVEL/rMHZ MA 472
473 PRINT 145, FMHZ,WLAM MA 473
474 PRINT 196,RKH MA 474
475 IF(IEXK.EQ.1)PRINT 321 MA 475
476 C FREQUENCY SCALING OF GEOMETRIC PARAMETERS MA 476
477 rMN2surMHZ MA 477
478 ir(NEO.O)00 YO 306 MA 476
479 DO045 ZulsN MA 479
480 X(X)aX(Z)OFR MA 480
461 Y(Z).Y(Z)fFR MA 481
482 2(Z)NZ(Z)FtR MA 462
463 511MA 463
484 45 01(1 81I(1 *rR MA 484
465 306 Zr(M,EO.0)G0 TO 307 MA 485
466 FR2=FROFR MA 466
487 JwLD+l MA 467
488 DO 245 1.1 ,M MA 488
489 JoJ-¶ MA 489
490 x(j)mx(j)srp MA 490
491 y(j).y(j)srp MA 491
492 Z(j).z(J)FrR MA 492
493 245 *I(J)uBI(J)6FR2 MA 493
494 307 I0032 MA 494
495 C STRUCTURE SEGMENT LOADING MA 495
496 46 PRINT 146 MA 496
497 !r(NLOAD.NE.0) CALL LOAO(LDTYP,LDTAOLOTAOF.LDTAGTZLRZLZ,ZLC) MA 497
498 Ir(NLOAD.CQ.0.AND.NLODF.EO.0)PRINT 147 MA 498
499 Ir(NLOAD.EGO.AND.NLODF.NE.0)PRINT 327 MA 499
600 C GROUND PARAMETER MA 500
501 PRINT 148 MA 501
502 IF (KSYMP.EQ.1) GO T0 49 MA 502
503 F'RATluf I. .0.) MA 503
504 Zr (IPERrEGi) GO 1-0 48 MA 504
5015 IF(SIO.LT0.,)sion-sIO/(59,95WLAM) MA 5OS
5c6s EPSCmCMPLX(EPSR,-SIGOWLAMS59.96) MA 506
$07 ZRATIu1 ./CSQRT(EPSC) MA 507
508 UwZRATI MA 508
501 U2uU*U MA 509
11I1 1r (NRADL.EO0)11 GO TO 47 MA 510
!11 SCRWLvSCRWLTAA'LAM MA 511
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MAIN

512 SCRWANSCRWRT/WLAM MA 512
513 TIUFJs2367.067/FLOAT(NRADL) MA 513
514 T2nSCRWR*FLOAT(NRAOL) MA 514
515 PRINT 170. NRADL.SCRWLT.SCRWRT MA 515
516 PRINT 149 MA 5116
517 47 IF(IPERF.[0.2)0O TO 326 MA 517
515 PRINT 311 MA 518
519 00 TO 329 MA 519
520 326 I7(NXA(l),EQ.O)READ(2I)ARIAR2.AR3,EPS0P,OXA,OYA,XSA,YIA,NXA,NYA MA 520
521 FRATZU(CPSC-1.,)/(EPSC*1.) MA 521
522 IP'(CASS((EPSCF-EPSC)/EPSC).LT.l.E-.3)OO TO 330 MA 522
523 PRINT 333,EPSCF,CPSC MA 523
524 STOP MA 524
525 330 PRINT 392 MA 525
526 323 PRINT 150, EPSRSIOEPSC MA 526
527 00 T050 MA 527
528 48 PRINT 151 MA 526
529 0070O50 MA 529
530 49 PRINT 152 MA 530
531 s0 CONTINUE MA 531
532 C* 0 MA 532
533 C FILL AND FACTOR PRIMARY INTERACTION WATRIX MA 533
534 C MA 534
535 CALL SECOND (TIMI4) MA 535
536 IF(ICASX.NE.0)00 TO 324 MA 536
537 CALL CMSET(NEQ.CM,RKH,ltxK) MA 537
538 CALL SECOND (TIM2) MA 538
539 TZMNTIM2-TIMI MA 539
540 CALL FACTRS(NPEO,NEQ,CMIPZX,11,12,13,14) MA 540
541 00 TO 323 MA 541
542 C MA 542
543 C N.G.F. - VILL I, C, AND D AND FACTOR D-C(INV(A)I) MA 543
544 C MA 544
545 324 CALL CMN07(CM(II11),CM(ICII).CM(I1il).NP3X,NEQ,NE02,ftKH,IEXK) MA SAS

547 TIMaTIM2-TIMI MA 547

546 CALL FACOF(CM,CM(I111).CM(ZCil),CM(IOll),Cm(1X11),IP,IX,NPN1,MP. MA 548
549 IM1,NE , NEO2) MA 543
550 323 CALL SECOND (TIMi) MA 550
551 TIM2mTIMl-TIM2 MAA 551
552 PRINT 153, TIM,TIM2 MA 552
553 10003 MA 553
554 NTSOLx0 MA 584
555 Ir(ZrLOWNE.12)G0 T0 53 MA 555
856 C WRITE NOV.. FILE MA 556
557 52 CALL OFOUT MA 557
558 GO TO 14 MA 558
559 C MA 559
560 C EXCITATION SET UP (RIGHT HAND SIDE, -9 INC.) MA 560
561 C MA 561
562 53 NTHICu1 MA 562
563 NPHXCa1 MA 563
564 INCaI MA 5644
565 NPRINT*O MA 565
566 54 IF (IXTYP.EQ.O.OR.IXTYP.EQ,5) G0 TO 56 MA 546
567 IF (IPTFLG.LC.O.OR.IXTYP.CO.4) PRINT 154 MA 567
565 TUPSa7A*XPR5 MA 568
569 TMP4.TAOXPR4 MA 569
570 IF (IXTYPNE.4) 00 TO 55 MA 570
57! TMPimXPRl/VLAM MA 571
572 TMP2nXPR2,'WLAM MA 572
573 TMP3aXPR3/WLAM MA 573
574 TMP6wXPR6/(wLAM*WLA4i4) MA 574
575 PRINT 156, XPRI ,XPR2,XPR3,XPR4,XPR5.XPR6 MA 575
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MAIN

576 GO TO 56 MA 576
577 55 T¶JPIUTAXPR1 MA 577
578 TMP2=TAOXPR2 MA 578
579 TMP3=TA*XPR3 MA 579
5a0 TMP~mXP06 MA 560
Sal IF (IPTFLO.LE.0) PRINT 1155, XPA1.XPm2,XPN3.HPOL(2XTYP).XPRI MA 5it
582 56 CALL ETMNS (TMPI,7uP2,TMP3,TMP4,TMP5,TMPOIXTYP.CUR) MA 582
563 C MA 583
584 C MATRIX SOLVING (NCTWK CALLS SOLVES) MA 584
585 C MA 585
556 IF (NONET.EO.0.OR.'NC.GT.1) 00 TO 60 MA 586
587 PRINT 158 MA 587
588 ITMP3uO MA 588
56o IYMPI=NTYP(1) MA 589
590 DO 59 10.,2 MA 590
591 IF (ITMPI.EQ.3) ITMPI*2 MA 591
592 IF (ZTWPI.EO.2) PRINT 159 MA 692
593 IF (ITMPI.EO.1) PRINT 160 MA 523
594 DO 58 Jul ,NONCT MA 594
595 ITMP2=NTYP(J) MA 595
596 IF ((ITMP2/17MP1).CO.1) 00 TO 57 MA 596
597 ITMP3mZTMP2 MA 597
598 GO TO SI MA 598
599 57 ITMP4.ISEG1(J) MA 599
600 ITMPS=1SEG2(J) MA 500
801 IF (ITMP2.GE.2.AND.Xll1(J).LE.O.) Xl1I(J),WLAM*SQRT((X(?TMP5)- MA 601
602 1 X(ITMP4))*24.(Y(ITMP5)-Y(ITMP4))0624iZ(ZTMP5).Z(ITMP4))*62) MA 602
603 PRINT 157. ITAO(ITMP4),ITMP4.ITAG(ITMPS),ITMPSXiiR(J),X111(J). MA 603
604 1X12R(J),X212(J),X22R(J).X221(J).PNET(2*ITMP2-l),PNET(202TMP2) MA 604
605 58 CONTINUE MA 605
606 IF (ITMP3.EQ.0) 00 TO 60 MA 506
607 ITMPI=IYMP3 MA 607
608 59 CONTINUE MA 608
$09 60 CON INUE MA 8090610 IF (INC.GT.1 *ANDIPTFLG.GT.0) NPAINTmI MA 610
611 CALL NErWK(CM,CM(IsI1),CM~(ICi1).CM(IDll).IP.CUR) MA Oil
612 NTSOLwl MA 612
613 IF (IPED.EQ.0) 00 TO 61 MA 613
614 ZTMPIMHZ+44(MHZ-I) MA 614
605 IF (ITMPI *OT.(PI0RMF-3)) G0 TO 61 MA 615
616 FNORM(1TI14P1)=REAL(ZPED) MA 816
617 FNORM(ITMPli+)mAIMAG(ZPED) MA 617
618 FNORM(IThk4P1+2):CA8S(ZPED) MA bib
619 FNORM(ITmP1.3)=CAN0(ZPED) MA 619
620 IF (IPED.co.2) 00 TO 61 MA 620
621 IF (FN0RM~(ITM4P1+2)OGT.ZPNORM) ZPNORMuFNORW(X1MP14.2) MA 621
6s2 61 CONTINUE MA 622
623 C MA 623
624 C PRINTING STRUCTURE CURRENTS MA 624
525 C MA 625
126 IF(N.EOO0)GO TO 308 MA 626
127 IF' (IP1FLG.EQ.(-1)) GO TO 63 MA 627
628 IF (IPTF',.G.GTO) G0 TO 62 MA 626
029 PRINT 161 MA 629
630 PRINT 162 MA 630
631 00 TO 63 MA 631
632 62 IF (IPTFLG.EO.3,OR.INCOGT.I) GO TO 63 MA 632
633 PRINT 163, XPR3,HPOL(IXTYP),XPR6 MA 633
634 63 PLOSS=0. MA 634
635 ITMP1IO MA 635
636 JUMPnIPTFLG+1 MA 636
637 D0 6911 ,N*1 MA 637
638 CURIcCUR(7)OWLAM MA 6360 39 CMAGUCABS(CURI) MA 639
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MA IN

640 PI4SCANG(CURI) MA 640
641 If (NLOAD.EO.0.AND.NLODF.EQ.O) 00 TO 64 MA 641
642 IF (ASS(RCAL(ZARRAY(I))).LT.1.c-20) 00 TO 64 MA 642
643 PLOSS=PLOSS4.SSCMAG*CMACOREAL(ZARRAY(I))$I(I() MA 643
644 64 IF' (JMP4,69,65 MA £44
645 65 If' (IPTAOIO.0) 00 TO 66 MA 645
646 IF' (ITAG(I).Nt.IPTD,0) 00 TO 69 MA 646
647 66 ITMPIMITMPM4 MA 647
646 IF (ITMPI.LT.IPTAOf.OR.ITMPI.OT.ZPTAOT) GO TO 60 MA 641
641 If' (IPYF'L@.C.O.) 00 TO 69 MA 649
650 IF' (zPTF'LG.LT.2.ORZNC.0T.NOMF') GOI TO 4? MA 650
651 FNORM(INC).CMAG MA 651
652 ISAVmIe MA 652
653 67 IF' (IPTF'LO.N1.3) PRINT 164, XPRl,XPRSCMAG.PM,I MA 653
654 00OTO 69 MA 654
655 66 PRINT 165, .TA()()Y()lZ.(IUIeA.$ MA 655
656 is CONTINUE MA 656
657 IF(IPTfLQ.[Q.(-1))OO TO 306 MA 657
6ss PRINT 315 MA 658
659 ITMPlmO MA 659
660 FRul1C-6/F'MNZ MA &60
661 DO 316 121'" MA 661
662 IP(IPTF'LO.Q.(-2))OO TO 313 MA 662
863 IF'(IPTAQ.CQ.0)OO TO 317 MA 663
664 IF'(ITAO(I).NEIPTAQ)OO TO 316 MA 664
665 317 ITMPInITMPI+i MA 665
666 IF'(ITNPI.LT.IPTAOF.OR.ITMWI.GT.IPTAOT)0O TO 316 MA 666
667 318 CURImFR*CMPLX(-III(I),BIRf(I)) Mok GB?
666 CMAGOCABS(CIJRI) MA 668
0639 PHNCANG(CURI) MA 669
670 PRINT l6IrA(~()YI.()S(~uIaA,4MA 670
671 316 CONTINUE MA 671
672 305 IF(M.CQ.O)00 TO 310 MA 172
673 PRINT 197 MA 673
674 JuN-2 MA 674
675 ITMPImLD+1 MA 675
676 00 309 IsI ,M MA 676
677 JwJ+3 MA 677
676 ITMP1UITMP1-1 MA 673
679 EX2CIJR(J) MA 671
680 EYwCUR(J+1) MA 660
681 EZECUR(J4'2) MA 661
682 ETHuEXSTIX(ITIIPI)+EY*TIY(ITMPI)+EZOTIZ(ITMPI) MA 632
683 EPN.CX*T2X(ITMPI)+EY*T2Y(ITMPI)4.CZY.22(ITMPi) MA 683
684 CTHM*CABS(CTH) MA 684
655 [THAnCANG(ETH) MA 685
686 EP~H~iCADS(EPH) MA 656
687 CPHA*CANG(EPH) MA 637
688 309 PRINT 1l8,1,X(ITMPI),Y(ITMPI),Z(ITMPI),CTNM,ETHACPHM,EPHA,EX,CY. MA 658
889 1 EZ MA 683
690 310 IF (IXTYP.NE.0.AND.IXTYP.NE.S) GO TO 70 MA 630
611 TMPi .PIJ-PNLS-PLOSS MA 691
692 TMP20100.*TMPI/PIN MA 692
693 PRINT 166, PIN,TMPI,PLOSS,PNLS,TMP2 MA 693
894 70 CONTINUE MA 614
695 100=4 MA 695
696 IF(NCOUP.GT.0)CALL COUPLE(CUR.WLAM) MAk 696
69" If (IFLDW.NE.7) G0 TO 71 MA 697
608 IF' (ZXTYP.GT.0*ANO*IXTYP.LT.4) 0O TO 113 MA 698
699 IF (NFRO.NE-1) 00 TO 120 MA 639
700 PRINT 135 MA 100
701 co TO 14 MA 701
702 71 10005 MA 702
703 C MA 703
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MAt4

704 C NEAR FIELD CALCULATION MA 704705 C MA 705

706 72 IF (NEAR.EO.(-1)) GO TO 78 MA 700
707 CALL NFPAT MA 707
708 IF (MHZ.Et.NrRQ) NEARE-1 MA 708
709 IF (NFRQ.NE.i) 00 TO 78 MA 709

710 PRINT 135 MA 710
711 00 TO 14 MA 711
712 C MA 712
713 C STANDARD FAR FIELD CALCULATION MA 713
714 C MA 714

7158 s IF(IfAR.O.-C)GO TO -11 MA 715
716 PINRuIWN MA 716
717 PNLRUPNLS MA 717
718 CALL RDPAT MA 718
719 t13 IF (IXTYP.EQ,.0,R.IXTYP.GE.4) 00 TO 1!i MA 719
720 NTHICENTH¢IC0 MA 720
721 INCwINC+i MA 721
722 XPRIaXPRI+XPR4 * MA 722
723 IF (NTHIC.LE.NTHI) 00 TO 54 MA 723

724 NTHCsI MA 724
725 XPR¶UTHETIS MA 725
726 XPR2*XPR2÷XPR5 MA 726
727 NPHICwNPHIC+1 MA 727

728 IF (NPHICLE.NPHI) 00 TO 54 MA 726
729 NPHICul MA 729
730 XPR2uPHISS MA 730
731 IF (ZPTrLGLT.2) GO TO 11i MA 731
732 C NORMALIZED RECEIVING PATTERN PRINTED MA 732
733 ITMPIaNTHIONPHI MA 733
734 IF (ITMPi.LE.NORMF) GO TO 114 MA 734

735 ITMPIONORMF MA 735
736 PRINT 181 MA 736
737 114 TMPiuFNORM(1) MA 737
738 DO 115 Ju2.ITMP1 MA 738
739 IF (FNORM(J).GT.TMPI) TMPIEF-NORM(J) MA 739
740 115 CONTINUE MA 740
741 PRINT 182, TMPIXPR3,HPOL(IXTYP),XPR6,ZSAVE MA 741

742 DO 118 JmlNPHI MA 742

743 ZTMP2-NTHI°(J-l) MA 743
744 DO 116 Iul,NTHI MA 744
745 ITMP3=I+ITMP2 MA 745
746 IF (ITMP3.GT.ITMPI) GO TO 117 MA 746
747 TMP2zFNORM(ITMP3)/TMPi MA 747

748 TMP3uDB2O(TMP2) MA 748
749 PRINT 183, XPRI,XPR2,TMP3,TMP2 MA 749

750 XPR¶=XPRI+XPR4 MA 750
751 116 CONTINUE MA 751
752 117 XPRInTHETIS MA 752
753 XPR2*XPR2+XPRS MA 753
754 118 CONTINUE MA 754
755 XPR2wPHISS MA 755
756 119 IF (MHZ,EO.NFRQ) IFARE-1 MA 756
757 IF (NFRO,NE.1) GO TO 120 MA 757
755 PRINT 135 MA 758

759 GO TO 14 MA 759
760 120 MHZMHZ+i MA 760
761 IF (MHZ,LCNFRQ) 00 TO 42 MA 761
762 IF (IPED.EO.O) 00 TO 123 MA 762

763 .tF(NVOD,LT.1)GO TO 192 MA 763
764 PRINT 1B4,IVQD(NVOD).ZPNORM MA 764

765 00 TO 204 MA 765

766 199 PRINT 184, ISANT(NSANT),ZPNORM MA 766

767 204 !TMPIuNFRO MA 767
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786 IF (ZTMP¶.LE.(NORMF/4)) 0O TO 121 MA 798769 !TMPINNORMF/4 
M 6770 PRINT 185 MA 770

771 121 IF (IFRQO.to.) TMpj FMHZ-(NrR§j)6DEL~rNQ MA 770
772 00 12 u1I MPI MZ(tfQ4(?Q1)M 7

MA 773
771IMP22uI440(-i) 

MA 774775 TMP2*FNORA( ITMP2 )/ZPNDRM MA 775776 TMPSEFNoRm(1rMP2.I )/ZPNORM MA 776777 TMP40FNORM( ITMP2+2)/ZPNORM MA77776 TMP~uFNORM ( TMP2+3) MA 778779 PRINT 166$, IMPI ,FNORM( IMP2) ,FNoRM(1TMP2.1 ) .7NONM(zTMP2+z), MA 779760 I FNORM(ITMP2+3) ,TMP2 ,TMP3 ,TMP4 ,TMP5 -MA 760761 IF (IFRQ.CQ.o) TMPISTMP1,DELRO MA 761782 IF (TFRQEQ.I) TMPlnTMaP1*DrLFRQ MA 762763 122 CONTINUE 
MA 783.764 PRINT 135 
MA 764785 123 CONTINUE 
MA 765I66 NFRQml MA 786787 MHZm1 
MA 787768 00 TO 14 MA 768789 125 FORMAT (A2,13A6) MA 769790 126 FORMAT (IHI) MA 790

791 27 FRMATMA 791792 1 3IHNUMERICAL ELECTROMAGNETICS CODE,//,33X, MA 702795 2 JISseesese~.seesssa.)MA 
793794 128 FORMAT (////,;?X,24H -- COMMENTS - /)MA 794795 120 FORMAT (25X.13AG) MA 795796 130 FORMAT (///,i0X.34HINCORREC, LABEL PON A C@MMNT CARD) MA 796797 135 FORMAT (/////) MA 797798 136 FORMAT (A2,13.315,6c003) MA 791799 137 FORMAT (IX, 19HS*644 DATA CARD NO. .13,3XA2.lX,13.3(lX,1S). MA 799

S00 1 6(Ix'[12.s)) 
MA 600

801 138 FORMAT (///,10X,45HFAULTY DATA CARD LABEL AFT[* GEOMETRY SECTION) MA 801602 139 FORMAT (///.IOX.48I4NUMBER OF LOADING CARDS EXCEEDS STORAGE ALLOTTE MA 802803 ID) 
MA 803604 140 FORMAT (///,10X.3INDATA FAULT ON LOADING CARD NO.m,IS5SXt.llIyAG S MA 604605 ITEPIUIS,211H IS GREATER THAN ITAC ST9P2w,4S) MA 605808 141 FORMAT (///.IOXSIHNUMBER OF EXCITATION CARDS EXCEEDS STORAGE ALLO MA $60607 ITTED) MA 807805 142 FORMAT (///.IOX,4$HNUMBER OF NETVMRK CARDS EXCtED! STO)RAGE ALLOTTE MA 80680t ID) 
MA 809610 143 FORMAT(///.10X.79W*iHgN MULTIPLE FREQUENCIES ARE REOUCITEOS ONLY ON MA 610all IE NEAR FIELD CARD CAN BE USED -./,I0X,22HLAST CARD READ IS USED) MA O1l812 145 FORMAT (////,33X.33H.- -- -- FREQUENCY - -- -----------//,36X.IOHFR MA 812813 1COUCNCYx,El11,4,A MHZ,/.36X,11fK#AVELENGTIo.gm11.4.7 METERS) MA 813814 146 FORMAT (///,30X,4014 - - - STRUCTURE IMPEDANCE LOADING - )MA 814815 14 FORMAT (/ .35X.28HTHIS STRUCTURE 1S NOT LOADED) MA 615V16 146 FORMAT (///.34X.3IH- - - ANTENNA ENVIRONMENT - .)MA 816817 149 FORMAT (40X.21HMCDIUM UNDER SCREEN -) MA $17818 150 FORMAT (40X,27HRCLATIVE DIELECTRIC CONST.51F7,3,/,40XI3HCONDUCTIV MA Old619 11TYuCIO.3,I1H MHOS/MCTCR,/,40X.26HCDMPLEX DIELECTRIC CONSTANTo, MA 8119620 12C12.5) 
MA 620021 151 FORMAT ( 42X,I4HPIRFECT GROUND) MA 621322 152 FORMAT ( 44X,IOHFREE SPACE) MA 622823 153 FORMAT (///..32X,25H- - - MATRIX TIM14G- -,//,24X.SHFILLw,Fg.3. MA 623824 115H SEC., FAC11RaF9,3,5H SEC.) MA 824825 154 FORMAT (//'/,40X.22H- - - EXCITATION - - -) MA 825626 155 FORMAT (/,4X.IOHPLANE WAVE.4XX6HTWETAm.F7.2,11W DEC, PWIm.F7,2. MA 826827 1 11H DEG. ETAuF772.13H DrG, TYPE -,A6.16H AXIAL RATIOw,r6.3) MA 627828 156 FORMAT (/,31X.17HPOSITION (WAETERS),14X,16NORICNIATION (DtO)N/,2$X, MA 628262 IIHXIZXSIHYI2X.IHZ.IOX,SWALPNA,5X,4HBETA.4XISWDIPOLE MOMENT.// MA 829

630 2 ,4X.I4HCURNE14T SOURCC.~¶Ne3(3XF1O.5),iX.2(3X.F7,2),4X FO 3) MA 630

131 157 FORMAT (4X.4(I5.IX),g(3X.E~l,4).3NAS.A2) MA 631
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832 158 FORMAT (///.44X,24H- - - NETWORK DATA - - -) MA 83?
III III FORMAT (/,61x,18H- FROM - - TO -,l11,11TMTRANSMISION0 LINCE011,31 MA a833
834 IH- -SHUNT AUMITTANCES (MHOS) - -,14X,4HLINE,/,6X,21HTAG SEC. MA 834
835 2 TAG SEG.,6X,OHIMPEDANCES6K.6*4LENOTN,12XIIH- END ONE -,17x,¶iH MA 835
836 3- END TWO -,12X,4H7YPE,/ $6X,21H4NO. NO. NO, NO.,9X,4HOHMS MA 836
8.37 4,8X,6HMETERS,9X, 4HREALIOX.SHIMAO.,0X,4NREAL,10X,5941MA0.) MA 837
838 16O FORMAT (/,Gx.814- FROM -,4X,$H- TO -,2$X.45H- - ADMITTANCE MATRIX MA 838
839 1 ELEMENTS (MHOS) - -./ ,6X,21HTA0 M. TAO SE0.,15X,01(ON MA 839
840 2E,ONE).I9X, 9H(OtNE.TWO),I9X,1H(TwO,Tw*),/ GOX,21NNO. NO. NO MA 840
841 3. NO.,8X,4HREALIIOX,5HIMAG,,SX,4NRCAL,IOX,SHI4MAO,,,X,4MREAL, MA 841
842 4 IOXSHZMAG.) MA 842
843 161 FORMAT (///,29X.3314- -- CURRENTS AND LOCATION --- ,//,33X,24HDIS MA 843
844 17ANCES IN WAVELENGTHS) MA 844
845 1162 FORMAT ( //,2X,4HSEG.,2X,314TA0,4X,2iHCOORD. OF SEC. CENTER,SX, MA 845
840 1 4HSEO.,12X,26H- - - CURRENT (AMPS) - - -,/,2X.3HNO..3X,314N0., MA 846
847 2 SX,IHX,SXIHY,8X.IHZ.$,8O4LENGTI4,5X,4HREAL,8X,5HIMAO.,7X,4HMAG,, MA 847
848 3 8X,5HPHASE) MA 848
849 153 FORMAT (///,33X,4014- - - RECEIVING PATTERN PARAMtTERS - - -,/ .43 MA 849
850 IX,4HETAu.F7-2,8H DE0REES./.43X.6HTYPE -,A&,/,43X,12HAXIAL RATIO., MA 850
851 2 F6.3.// .IIX,5HTHETA,6X,3HP141,1OX,I3H- CURRENT -,9X,3HSEG,/ MA 851
852 3.11X,5H(DEO).5X.5H(OEG).7X.9HMAGNITUDE,4X,5HPHASE,SX,3HNO,,/) MA 852
853 164 FORMAT (10X.2(F7,2.3X),tXEII.4,3X,F7.2,4X.15) MA 853
854 165 FORMAT (1X,215.3F9,4,Fg.5,lX,3E¶2.4,r9,3) MA 854
855 166 FORMAT (///,40X,24H- - - PCWER BUDGET - - -,// .43X,15HINPUT P0 MA 855
858 IWER u.EII41H WATTS,/ .43X.1SHRADIATCD POWERu,EII.4.6H WATTS,/ MA 856
857 2 ,43X,iSHSTRUCTUR-E L055uEII,4,6H4 WATTS,/ .43X.ISHNETWORK LOSS a, MA 857
858 3 E11.4,6H WATTS,/,43X011HEFFICIENCY a, F7.2.8H PERCENT) MA 858
859 170 FORMAT (40X,25HR4DIAL WIRE GROUND SCREEN./.40x, 15.6&H WIRES,/,40 MA 859
860 IX,I2HWIRE LENGTHmFI.,27H METERS./140X,I2H4WIRE RADIUSm.,IO.3.714 WE MA 860
$61 2TERS) MA 861
862 181 FORMAT (///.4X,BIHRECEIVING PATTERN STORAGE TOO SMALL.ARRAY TRUNCA MA 882
863 ITED) MA 863
864 182 FORMAT (///,32X,40H- - - NORMALIZED RECEIVING PATTERN -,--/,41X, MA 864
865 1 2iHNORMALIZAY -ON FACTORUEII.4,/,41X,4I4ETAU.F7.2,aH DECREES./,41X MA 885
866 2,6HTYPE -,AS./,41X.I2HAXIAL RATIOv~,F6.3,/,4iX,i2HSEGMENT NO~u.15./ MA 866
887 3/,21X,5HTHETA,6X,3HPHIgXI3W- PATTERN -,/,21X.5H(DEG).5X.5H(DEG MA 867
868 4).8X,2H098x,aX.MAGNITUDE,,.) MA 868

86 8 OMT(2oX,2(r7,2.3X)IX.r7.2,4X,c:1,4) MA 869
$70184 FORAT(//,36,32--- - INPUT IMPEDANCE DATA - - -. 45X.laHS0 MA 870

71 IURCE SEGMENT NO-14,/ .45X,2iHNORMALIZATION FACTORm.EI2.S,// MA 8'1
8,2 2.7X,5HFREO. 13X,34H- - UNNORMALIZED IMPEDANCE - -.21IX. 32H- MA 8??

871, 3 - NORMALIZED IMPEDANCL - -. / i9~X,IOHRESISTANCE,4X,9HREAC7A MA 973
874 4NCE,6X,9HMAGNITIUDE,4X,5HPHASE,7X.IOHRESISTANCE.4X~gHREACTANCESX, MA Fo74
P75 5 9HMAGNITUDC,4X.5HPHA4SE,/ ,8X,3HMHZ.I1X.4HOHMS.Iox.4HOHMS,IIX. MA 875
876 6 4HOiHMS.5X,IHDEGRCE5,47Xý7HDEGREES,/) MA 8576
871 185 FORMAT (//ý/.4XB2HSTORAGE FOR IMPEDANCE NORMALIZATION TOO SMALL, A MA 877
878 1RRAY TRUNCATED) MA 878
879 186 FORMAT (3XF9.3,2x.2C2xE12.5),3XEl2,5,2X.F7.2.2X,2(2X,E12.5),3X, MA 879
880 1 112.5.2X.F7.2) MA 880
88l1'96 FORMAT( ////,20X.55HAPPROXIMATE INTEGRATION EMPLOYED FOR SEGMENT MA 881
Bell 15 MORE THANF8,3,i8H WAVELENGTHS APART) MA 882
883 197 FORMAT( / ,/ , /,4IX.38H- - - - SURFACE PATCH CURRENTS - -,/ MA 883
asi I 5OX,23HDISTANCE IN WAVELENOTHS,/,SOXS2iHCURRENT IN AMPS/ME~tEN MA 984

80 //,28X,26H- - SURFACE COMPONENTS - -. 19Y,34H- - - RECTANGULAR COM MA 885
886 1PONENTS - - -,,/,BX.12HPATCH CENTER.$X.16NTANGENT VECTOR 1,3X. MA 886
887 iIGHTANGrNT VECTOP 2,1IX,1HX.IGX,IHY,19XIHZ,/,5X.IHX,6X.IHY.6X, MA 887

3i IIHZ,5X,4HMAG.,7X,5HPHASE,3X,4HMAG.,7X,5HPHASE,3(4X,4HREAI.,sX, MA 9888
666 1 6HIMAG. )I) MA 889
840 ie rORMAT(l.X.I4./.1IX.3F7,3.2(E11.4,Fa.2),sc1O,2) MA 890
891 1201 FORMAT(/,I1H RUN TIME =J10.3) MA 891
!Y~: 31b rORMAT(///,34X,28H- - - CHARGE DENSITIES - - -,//,38X, MA 892
893 1 24HIISTANCIS IN WAVELENGTHS,,///,2X,4HSEG.,2X,5HTAG,4X, MA a93
894 2 21HCOORD. OF SEG. CENTER,SXS4HSEG, lOX, MA 89A
895 S 3iHCHARC.E DENSITY (COUILOMBS/METER),/,2X,3HNO,.3X,3HNO.,BX,IHXBX, MA 895
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a9s 4 IHY,6X.IHZ,GX,GHLENGTH.SX,4HREAL,BX,SHIMAG.,7X,4HMAG.,8X,SHPHASE) MA 696
897 321 FORMAT( /,20X,42HTHE EXTENDED THIN WIRE KERNEL WILL BE USED) MA 897
$98 303 FORMAT(/,9H ERROR - ,A2,32H CARD IS NOT ALLOWED WITH NGF.) MA B98
899 327 FORMAT(/,35X,31H LOADING ONLY ZN N.0.F. SECTION) MA 809
900 302 FORMAT(4SH ERROR - NOF, IN USE. CANNOT WRITE NEW N.O.F.) MA 900
901 313 FORMAT(/,62H NUMBER OF SEGMENTS ZN COUPLING CALCULATION (CP) EXCEE MA 901
902 iDS LIMIT) MA 902
903 390 FORMAT(78H RADIAL WIRE 0. S. APPROXIMATION MAY NOT BE USED WITH SO MA 903
904 IMMERFELD GROUND OPTION) MA 904
905 391 FORMAT(40XS2HFINITE OROUNO, REFLECTION COEFFICIENT APPROXIMATION MA 905
906 1) MA 906
907 392 FORMAT(40X,35HFINITE GROUND. SOMMERFELO SOLUTION) MA 907
906 393 FORMAT(/,29H ERROR IN GROUND PARAMETERS -. /,41H COMPLEX DIELECTRIC MA 906
90g I CONSTANT FROM FILE IS,2E12.5,/,32X,9HREQUESTED,2E12.S) MA 909
910 END MA 910-
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ARC

PURPOSE

To (111 COMMON/DIArAi with segment coordinates for a circular are of

lti mo11L Is.

METHOD

The formal parameters specify the number of segments, radius of the arc,

starting angle, final angle and wire radius. Segment coordinates are computed

for the are in the x, a plane with a left hand rotation about the y axis.

SYMBOL DICTIONARY

ANG a angle of poLnt on the are (radians, zero on x axis)

ANG1 a angle at first end

ANG2 - angle at second end

DANG u angle covered by each segment

IS? - number of initial segment

ITG - tag number assigned to each segment

NS - number of segments

IAD - wire radius

RADA - arc radius

TA ¶%/idO

XSL a x coordinate of first end of segment

XS2 - x coordinate of second end of segment

ZSI - z coordinate of first end of segment

7S2 - z coordinate of second end of segment

CONSTANTS

.01745329252 - V/180

56U.0u000 - test for angle greater than 360 degrees

0
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ARC

I SUBROUTINE ARC (ITONS.PAOA,ANGl.ANG2.RAD) AR 1
2 C AR 2
3 C ARC GENERATES SEGMENT GEOMETRY DATA FOR AN ARC Or NS SEGMENTS AR 3
4 C AR 4
5 COMMON /DATA/ LDINI,N2,NNPM,Ml.2,M.MPX(3OO),Y(300),2(3OO),SI(300 AN a
* ¶),Sz(aoO),ALP(3oo),SET(3oo),zCONl(3oo),zCON2(300),ITAo(SaO),ZCONX( AR 6
7 2300) ,WLAMIPSYM AN 7
a DIMENSION X2(1), Y2(1). Z2(1) AN A
* EQUIVALENCE (X2,SI), (Y2ALP)l (12.I1E) AR 0
i0 DATA TA/.01745329252/ AR 10
li ISTEN+l AR I1
12 t4.N4NS AR 12
13 NPEN AR 13
14 mpum AR 14
15 IPSYMNO AN 15
Is IF (NS.LT.l) RETURN AR 16
17 IF (AIS(AN02-ANO¶),LT.360.O0001) 00 TO I AR 17
Is PRINT 3 AR 18
19 STOP AR ig
20 1 AN~mANGI 'TA AR 20
21 DANOw(ANO2-ANOI )'TA/NS AR 21
22 XSlmRADA*COS(ANG) AN 22
23 ZSIaRADOASZN(ANG) AR 23
24 DO 2 IxZST.N AN 24
25 ANGEANG+DANG AR 25
26 XS2wRAOA*COS(ANG) AR 26
27 ZS2ERADA$SIN(ANO) AR 27
28 X(I)uxXS AR 28
20 Y(I)u0. AN 29
30 2(Z)*Z~i AR 30
31 X2(I)wXS2 AR 31
32 Y2(I)wO. AR 32
33 Z2(I)mZS2 AR 33
34 XSimXS2 AR 34
35 2S1.2S2 AR 35
36 91(l~mRAD AR 36
37 2 7TAG(I)nITG AR 37
se RETURN AR 38
39 C AR 39
40 3 FORMAT (40H EPPOR -- ARC ANGLE EXCEEDS 360. DEGREES) AR 4t0
41 END AN 41.
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ATGN2

-0 PURPOSE

To return zero when both arguments of a tw;-argument arctangent function

are zero. (Most standard arctangent functions &ive an error return when both

arguments are zero.)

METHOD

System function ATAN2 is used except when both arguments are zero, in

which case the value zero is returned. The value returned is the angle (in

radians) whose sine is X and cosine is Y.

SYMBOL DICTIONARY

X - first argument

Y a second argument

CODE LISTINO

I FUNCTION ATON2 (X,Y) AT i
2 C AT 2
3 C ATON2 IS ARCTANGENT FUNCTION MODIFIED TO RETURN 0. W*EN Kuym, AT 3
4 C AT 4
5 IF (X) 3,1,3 AT 5
6 1 IF (ý) 3,2,3 AT 6

7 2 ATON2=0, AT 7

8 RETURN AT a

9 3 ATGN2uATAN2(XY) AT 9

10 RETURN AT 10
11 END AT 11-
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BLCKOT

PURPOSE

To control the writing and rcading of matrix blocks on files for the out-

of-core matrix solution. The routine also checks for the end-of-file condi-

tion during reading.

METHOD

The routine uses a binary read and write with implied DO loops for

reading and writing variable length strings into and out of various core

locations. The end-of-file condition is checked by a call to function ESF.

If an unexpected end of file in detected (governed by NEOF) the program stops.

CODING

BL9 - BLl2 Write a record on file NUNIT.

BL14 - BL2O Read NBLKS records from NUNIT, and check for end of file.

BL21 - BL21 Code if end of file detected.

SYMBOL DICTIONARY

AR -matrix array

ENF * external function (checks end-of-file condition)

I - DO loop index

III * implied DO loop limits, inclusive matrix locations written from

12J or read into

J - implied DO index

NBLKS w number of records to be read

NEOF w EOF check flag, also used to trace the call to BLCKOT

NUNIT - file number

CONSTANT

777 a NEOF when EOF is expected by calling program
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I SUBROUTINE SLCKOT (AR,NUNIT,1X1,1X2,NBLKS,NEOF) BL 1

2 C BL 2
3 C GLCKOT CONTROLS THE READING AND WRITING or MATRZX BLOCKS ON rILES 9L 3
A C roR THE OUT-Or-CORE MATRIX SOLUTION. 8L 4
a c IL S
6 1001CA ONF 9L 5
I COMPLEX AR gi. I
a DIMENSION AR(l) IL I
9 Ilm(Xti+l)/2 BL 9

10 12=(ZX2+1)/2 8L 10
1 I WRITE (NUNIT) (AR(J),Jv1t,I2) 8L 11

12 RETURN 9L 12
13 ENTRY OLCXXN IL 13
14 Ilm(IXII)/2 BL 14
1ý 12s(ZX2+1)/2 9L 15
la DO 2 u.tNBLKS IL 14
17 READ (NUNIT) (AR(J),JmZl,12) BL 17
is, F (CNF(NUNIT)) 00 70 3 IL 18
19 2 CONTINUE 9L 19
20 RETURN DL 20
21 3 PRINT 4. NUNIT,NBLKS,NEOF OL 21
22 IF (NEOFNE.777) STOP IL 22
23 NEOFv0 IL 23
24 RETURN BL 24
25 C BL 25
26 4 FORMAT (13H COF ON UNIT,13.9H NBLKS. ,13,8N NEOr- ,z5) IL 26
27 END 8L 27-

-33-
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CABC

PURPOSE

To compute the coefficients in the current function on each segment,

given the basis function amplitudes. Surface current components are also

computed.

METHOD

The total current on segment i is

Ii(s) - Ai + B sit% k(e - sa)J + CI cot [k(s - s)]

where s is distance along, the wire, and s = si at the center of segment i.

The coefficients Ai, Bi, and C, are the sums of the corresponding coefficients

in the portion of tach basis function that extends onto segment i.

CODING

CB35 Call to TBF computes components of basis function I.

CB36 - CB43 The basis function components are multiplied by the basis

function amplitude from array CURX and summed for each

segment.

CB4; - CB63 For a current slope discontinuity source, the special basis

function with discontinuous slope, from which the exciting

electric field was computed, is recomputed and added to the

current coefficients. The call to TBF, with the second

argument zero and ICONl(I) temporarily zero, computes a

basis function going to zero with non-zero derivative at

end one of segment I.

CB64 - CB65 Total current at the center of each segment is computed and

stored in place of the basis function amplitudes.

C6 - CB79 The tI and 1 2 components of surface current for each patch

are expanded to x, y, and z components.

SYMBOL DICTIONARY

AR, AI - real and imaginary parts of the basis function amplitude

CCJ - -j/60

CSI - i and '2 components of surface current on a patch

CS2
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CURD a amplitude of the special basis function for a current slope

discontinuity source

CURX - input array of basis function amplitudes that ore replaced by

values of current at segment centers I

J - number of a segment onto which a basis function extends

JCOI w array locations of the t and t2 surface current components

JC02 for a patch

JX - DO loop index; temporary storage of connection number

K - array location for patch geometry data

SH - (half segment length)/X

TP • 27
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1 SUBROUTINE CAUC (CURX) Co I
2 C Ce 2
3 C CABC COMPUTES COEFFICIENTS OF THE CONSTANT (A). SINE (0). AND Ca 3
AC COSINE (C) TERMS IN THE CURRENT INTERPOLATION FUNCTIONS FOR THE C6 4
5 c CURRENT VECTOR CUR. Ce 5

0 CCU 6
I COMPLEX CUR,CURX,VQDS,CUROCCJVSANT,VQD,CSI,CS2 CO 7
a COMMON /DATA/ LO.N1,N2,N,NP,M1,M2,M,MP,X(300),Y(300),Z(S0).SI(300 cU a
g 1)uI1(300),ALP(3oO),sET(300),4CON1(300),1c0911(300),ITAG(3oO).ICONX( C9 2
10 2500) ,WLAM,IPSYM Ce 10
It COMMON /CRNT/ AIR(S0O),AII(SOO),SIR(300),3UZ(300),CIR(300).CZZ(300 C9 11
12 I)ICUR(O00) C8 12
13 COMMON /SCCj/ AX(3O),UX(3O),CX(30).JCO(30),JSNOZSCON(SO),NSCON.IP CS 13
14 ICON(iO).NPCON CU 14
is COMMON /VSORC/ VOD(30),VSANT(3o),VQDS(3O),ZvQD(30),ISANT(30),XQDs( Cl 15
to 130),NVQD.NSANT,NQDS cI 16
17 COMMON /ANOL/ SALP(300) C9 17
Is DIMENSION Tix(l), TlY(i), TiZ(I), T2X(t), 12Y(l), T2Z(I) cm Is
to DIMENSION CURX(1). CCJX(2) cI ig
20 EQUIVALENCE (TIXSI). (TIYALP), (TIZICET), (T2X,ZCONI)l (T2Y,ICON CS 20
21 12). (T2ZITAG) C8 21
22 EQUIVALENCE (CCJ,CCJX) Cl 22
23 DATA 7P/6.283185308/,CCJX/O.,-O.01666666667/ CS 23
24 IF (N.EO.O) G0 TO 8 C8 24
25 DO 1 Zul,N C8 25
26 AIR(I)vO. CO 26
27 AII(I)SO. C9 27
28 BIR(!)MO. CO 28
29 eII(I)NO. CO 29
30 CIR(Z)NO. CU 30
31 1 CII(I)RO. CO Vi
32 DO 2 ImI,N CO 32
33 ARaREAL(CURX(I)) C8 33
34 AlsAIMAO(CURX(l)) CO 34
35 CALL 7SF (1.1) Ce 35
36 DO 2 JX*1IJSNO Ce 36
37 JuJCO(jX) C8 37
38 AlR(.J)uAZR(J)#.AX(JX)*AR Ce 36
39 AII(J)*AII(J)+AX(JY)*A1 Co 39
40 SIR(J)w8IR(J).DX(JX)6AR Co 40
41 8II(J)u9II(J)s'SX(JX)9A1 CU 41
42 CIp(J)=CIR(J)+Cx(JX)*AR CS 42
43 2 CII(J)=cII(J)+CX(JX)OAI Co 43

44 IF (NODSJ.EO) GO TO 4 CS 44
45 DO) 3 15=1 NOD C9 45
46 I.IODS(I5) Ce 46
A7 JXUICONI(2) CO 47
48 ICONI(I).0 CO 48
49 CALL 7SF (1,0) CS 49
50 ICON1(1)=JX CS 50
51 SHmSI(I)0.5 Ce 51
52 CURD:CCJIVODS(IS)/((ALOG(2A$SH/BI(l))-1.)$(UX(JSNO)*COS(TP*SH)4CX( CS 52
53 lJSNO)*SIN(TP'SH))*WLAM) Ce 53
54 ARaREAL(CURD) CS 54
55 AINAIMAG(CURD) Co 55
56 DO S JXm1 ,JSNO CU 56
57 JUJCO( JK) CS 57
58 AIR(~J)=AlR(JI)+AX(JX)*AR (.9 Be
59 AZI(J)uAlI(J)4AX(JX)*AI co 59
so 9ZR(4)m9IR(J)+9X(Jv)'AR CS 60
61 ca(~SIJ)S(XA C e £
62 CIR(J)sCIR(J)+CXCJX)OAR s 2
63 3 CII(J)sCIZ(.J)+Cx(Jx)*A Cy 63
64 4 DO 5 I= ,N CS 64

-36-



CABC

61 5 CURX(I)=CMPLX(A!R(T)+CIR(8,.A3!(l)+CII(I)) Ce e5
66 6 If (M.ECO) RETURN Ca Go
67 C CONVERT SUJRFACE CURRENTS FROM Tl.f2 COMPONENTS TO X,YZ COMPONENTS CB 67
68 KwLD-M CB 68
69 JCOizN+2*M41 Ce 6,
70 JCO2sJCOI+M C9 70
71 DO 7 IxlIM CD 71
72 K.K41 C9 72

73 jCOI=JCO1-2 C8 73
74 JCO2=JCO2-3 C9 74
75 CSt=CURX(JCOI) CB 71
76 CS2uCURX(JCOI+1) CO 76
77 CURX(JCO2)uCSiSTtX(K)+CS2*T2X(K) CS 77

78 CURX(JCO2+1)uCSl*TIY(K)+CS2*72Y(K) Co 78
79 7 CURX(JCO2+2)RCSIOT1Z(K)+CS2T72Z(K) CO 79
80 RETURN Cu SO

81 END Ce 81-
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CAN(C

PURPOSE

To calculate the phase angle of a complex number in degrees.

METHOD

z = x + jy

0 - [arctan (y/x)] 57.29577951

SYMBOL DICTIONARY

AIMAG a external routine (Imaginary part of complex number)

ATGN2 a external routine (arctan for all quadrants)

CANG a 0

REAL w external routine (real part of a complex number)

Z w input complex quantity

CONSTANT

57.29577951 conversion from radians to degrees

CODE LISTING

FUNCIZON CANG (Z) CA 1

2 C CA 2
3 C CANO RETURNS THE PHASE ANGLE OF A COMPLEX NUMBER IN DEOREES. CA 3
4 C CA 4

5 COMPLEX 2 CA S

6 CANG=ATGN2(AIMAG(Z),REAL(Z))'57,29577931 CA 6

7 RETURN CA 7
ý8 END CA 8-
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CMNGF

PURPOSE

To compute and store the matrices B, C and D for the NGP solution.

METHOD

The structure of matrices B, C and D is described in Section V1. The

coding to fill these matrices is involved due to their complex structure, as

shown in Figure 12 of Section VI. The complexity is increased by the need to
divide the matrices into blocks of rows when they are stored on files (see

SecLion VII).

Much of the coding in 'CMNGF has to do with connections between naw and

NGF segments and patches. When a new segment or patch connects to a ;NOC•".

segment the bails function associated with the NGF segment is modified due to

the new junction condition. The amplitude' of the modified baskq function i .

new unknown associated with the B' and D' se¢tions of the •eatri, The

modified basis function may extend onto other tOqF ,eqG&entc 1t"ktmay or may not ..

connect directly to new segments. Also, che basis ftinction 0it thCnew.,seement,

extends. onto the NGF segment to whir.h,.itonects."Hunce fi t, s be i , f .....

computed for the currents on some NOF segments ag •l as a'l.new spgmentsý,

Comments in the code should be of some help in understandlot. the

procedure. The notation D(WS) in the coumments corresponds to Dew in

Figure 12. Some parts of the code are explained below.

CG61 - CG70 TRIO computes th, components of all basis functions on

segment J, where J is a new 4eement, and stores the

coefficients in CORMON/SEGJ/. The array J.O contains the

basis-function numbers which ordinarily are the tnatri',

colamns associated with th4 basis functions. If the

basis function is for a now segmanL then JCO is set at

CG6b to the column rQlwtive to the beginning of the

-jatrix B. If tne basit iutction is for a N.F segment

modified ty the connection, then JCO is set at CG68 to

the column in B,%w relative to the beginning of B.

Thus the callý to CKWW and CMWS may 6tore cuntributionsI I

in B and B as well as B and B
vwW aw uw aw
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CG90 - CG108 In this section ýhe fields are. evaluated for NGF segments

that connect to new segments or patches. TRIO finds all

basis functions that contribute to the current on the

segment. For a component of a new basis function IR is

set to the column in B w at CG95. For a component of a

modified basis function IR is set to the column in

BWV$ relativ: to the start of B, at CG99. If the

basis function component is for a NGF basis function that

has not been modified the test at CG98 skips to the end

of the loop. The arrays In CONHON/StGJ/ are adjusted

from CGIO01 to CGI04 so that CNWW and C$WS will store the

matrix element contributions in the correct locations.

CG109 - CGI19 If a NGF segment connects to a new, segment'on one end and

to a NGF patch on the opposite end the modified basis

function extends onto the patch as a .singular component

of the patch current. The field due to this component on

the patch is added to the matrix element of the modified

basis function at CGl19.

C0122-CG136 This is sim'iar to CU90 to CG08s, but evaluates fields of

NMO segments that get contributions from modified basis

functions, but do not connect directly to new segments.

TBF is called, rather than TRIO to compute modified basis

function J on all segments on which it exists. New

segments and NGF segments for which contributions have

already beoi evaluated are skipped at CG133 and C0134.

CG165 - CG263 Filling C and D is similar to that for B but fields must

be evaluated for all NGF segments and patches ab well as

new segments and patches.

SYMBOL DICTIONARY

Cd w array for matrix B

cC - array for matrix C

CD) - array for matrix D

IEKKX 0 flag to select extended chin-wire kernel

MIEQ - nunmbee of patch equations in NGF

MEQ - total riumber uf patcih Fquations
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NB w row dimension of CB. CB will contain only one block of B when

ICASX - 3 or 4

NC - row dimension of CC (C transposed)

ND - row dimension of CD (D transposed)

NEQN - starting column of Dwe, relative to start of C

NEQP - starting column of zeros after DW, relative to start of D

NEQS - starting column of Dww, relative to start of D

I

NEQSP = starting column of D0, relative to start of C

RKHX w minimum range for using the lumped current approximation for

the field of a segment
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I SUBROUTINE CMNOF (CO.CCCD,NINC,NDRXHX,IEXKX) CO 1
2 C CMNOF FILLS INTERACTION MATRICIES B. C. AND D FOR N.GF. SOLUTION CC 2
3 COMPLEX CB,CCCD.ZARRAY,EXK,EYK,EZK.EXS,EYS,EZS,EXC,EYCCZC CC 3
4 COMMON /DATA/ Lfl.NI.N2,NNP,M1.M2,M.MP.X(300).Y(3OO),Z(300).SI(300 CC 4

6 2300),WLAM,IPSYM cc S

7 COMMON /ZLOAD/ ZARRAY(300).NLOADNLOOF CC 7
a COMMON /SfOJ/ AX(30),BX(30).CX(3O),JCO(3O),JSNOISCON(50).NSCON,IP CC A
9 ICON(bO),NPCON .co 9

10 COMMON /DATAJ/ SB,BXJ.YJ,ZJ,CAIJSA3JSALPJ,EXK,EYKCZK,CES,CYS,EZ CO 10
11 1S.EXC,EYC,EZCRI(H,ICXK,INO4,ND2,IPONO cc 11
12 COMMON /MATPAR/ ZCASE.NSLOKSNPILKNLASTNILSYMNPSYM.NLSYMIMAT.1 Co 12
13 ICASX,NBBX,NPDX,NLIX,NSIL,MPBL,NLIL CO 13
14 DIMENSION CI(NB,i). CC(NC,l), CD(ND.1) cc 14
is ftKHwRKHX CO 15
IS IEXKmIEXKX CO Is
17 MiEOm2*MI cO 17
Is M2EQNMICQ+i CO Is
19 MEQ=2*M CO t9
20 NEQPuND-NPCONf2 CO 20
21 NEQSwNEQP-NSCON CO 21
22 NCQSP.NEQS+NC CO 22
23 NE0NmNC4.N-Nl CO 23
24 ITX.1 CC 24
25 IF (NSCONOGTO) 1TXw2 CO 25
26 IF (ICASX.EOI) 00 TO I GO 26
27 REWIND 12 CO 27
28 REWIND 14 cc 26
29 REWIND 15 CO 29
30 IF (ICASX.GT,2) 00 TO 5 CO so
3I 1 DO 4 Jwl ,ND CO 31
32 DO 2 wlul ND CO 32
33 2 CD(Z.J)B(O.,O.) CO 33
34 DO 3 1.1 ,NB CO 34
365 CC(I.Jfr(O.,.) cO 35
35 WSI,10m(0Olo) CO 35
37 4 CONTINUE CO 37
3o 5 I$TaN-N141 CO so
39 ITmNPBX cO 39
40 ISV.-NPBX CO 40
At C LOOP TI4PU 24 FILLS 0. FOR ICASXul OR 2 ALSO FILLS D(VM). O(WS) CO 41
42 DO 24 IiLKuI ,NBBX CG 42
43 ISVmISV+NP9X CO 43
44 IF (I9LK.EQN89X) ;TxNLSX CO 44
45 IF (ICASX,LT.3) 0O TO 7 CC A5
A6 DO 6 Jml,ND CC 46
4? DO 6 IuI,IT CO 47
AB 6 CG(,J( C)lO l
49 7 IVuISV*1 CO 49
50 12m!SY+IT CO 50
bi IN2=12 CO 51
52 IF (IN2.GT.N1) IN2rNl CO 52
53 IM1I=I-Ni CO 53
54 1M2ul2-Ni CO 54

55 IF (IMI.LTI1) IMial CG 55
56 IMXwI CG 56

57 IF (11,LE.Ni) IMXgNI-11+2 CO 57
58 IF (N2.GT.N) G0 TO 12 CC 58
5g C FILL B(wW) ,g(ws) FOR ICASX=l .2 FILL D(%W) D(WS) cc 5
so DO II JuN2,N CC 60

51 CALL TRIO (J) CO 61
62 DO 9 ci.1JSNO CC 62
63 JSS~jc0(I) cc 63
04 IF (JSSLT.N2) 0O TO 8 CC 64



65 C SET JCO WHEN SOURCE IS NEW BASIS FUNCTION ON NEW SEGMENT cc 65
66 JCO(I)=JSS-Ni CC 66

67 GTO9CG 67
68 C SOURCE IS PORTION OF MODIFIED BASIS FUNCTION ON NEW SEGMENT CC 68
698a JCO(I)ONEOS4.ICONX(JSS) CC 69
70 9 CONTINUE CO 70
71 IF (li¶LE1IN2) CALL CbW*, (J.1I1.MN2 1C,NBC8,NS,0) CC 71
72 IF (IMI.LE.1M2) CALL ChW#S (J.IMIZM2,CB(ZMX,l),NB.CU,NI,O) CG 72
73 IF (ICASX.GT.2) GO TO 11 CC 73
74 CALL CMWW (J,N2,N.CD.ND.CD.ND.I1) CG 74
75 IF (M2.LE.M) CALL C¶IWS (JM2EQ,MEQICD(1,IST),NDICrDND.¶) CO 75
76 C LOADING IN D(WW) CO 76
77 IF (NLOAD.EQ.O) GO TO Ill CIS 77
78 ZRmJ-N41 CO 78
79 EXKmZARRAY(J) CG 79
80 DO 10 I&IJSN0 CIS 80
aI JSSwJCO(I) Co a1
82 10 CD(JSSIR)aCO(JSSZR)-(AX(I)4.CX(Z))'EXK CG 82
83 11 CONTINUE CO 83
64 12 IF (NSCON.CQ.O) GO TO 20 CC 84
85 c FILL B(WM)PRIME CG 85
86 DO 192 1u.1NSCON CG 88
87 Jw!SCON(I) cc 87
88 c SOURCES ARC NEW OR MOUIFIED BASIS FUNCTIONS ON OLD SEGMENTS WHICH CO 88
89 C CONNECT TO NEW SEGMENTS CG 89
90 CALL TRIO (J) CG 90
91 JSSNO co 91
92 DO lb IX=1,JSNO CO 92
93 IRJCO(Ix) CG 93
94 IF (IR.,L!,2) GO TO 13 CO 94
95 IRmIR-N1 CO 95
96 00OTO 1 Co 96
97 13 IR.ZCONX(IR) CG 97
g8 IF (IR.EQO.) 00 TO 15 CO 98

go ZRmNEOS+IR CC 99

lot JCOJSS~wIRCGO0
102 AX(JSS)aAX(IX) CG 102
103 BX(JSS)usx(Ix) CC ¶03
104 CX(JSS)NCX(IX) CO 104
105 Is CONTINUE CG 105
IC0S JSNOmjSS CG 106
toI IF (11,LE,1N2) CALL CWAW (JII¶1N2.CB,NB.CB.NB,0) CC 1107
100 Ir (IMI LE.1M21 CALL CWIWS (.J,1M111M2,CB(IMX1I),NU,CB,NIO) cO 108
109 C SOURCE Iý SINC-ULAR COMPONENT OF PATCH CURRENT THAT IS PART oF CO 109
10o C MODIFIED BASIS FUNCTION FOR OLD SEGMENT THAT CONNECTS TO A NEW COG Ito

III C SEGMENT ON END OPPOSITE PATCH, CG III
1-.2 IF (II1LE.IN2) CALL CMSW cc,,1I2CBCN,1 C1 lI
113 IF (NLoDF.Eo.o) 00 TO 17 C", 113
114 jxmJ-ISY cc ii14

115 IF (JL00.Y.TI)G TO 17 cc 115
116 EXK=ZARRAI(J) CO' 116
117 DO 16 IXe~.1JSNO cc 117
lie JS~wJCO(IX) CG li8
119 Is CB(JX,j)SS)mC9(JXJS3)-(AXIIX)+CX(IX))OEXPK Co 119
111 C SOURCES ARE PORTIONS or MODIFIED BASIS FUNCTION J ON OLD SEGMENTS CO 120
I'"I C EXCLUDING OLD SEGMENTS THAI DIRECTLY CONNECT TO NEW SEGMENTS. cc, 121

I~¶7 CALL TBf (J.,1I, CU 122
I3 JSXMJSNO CO, 123

124 JSNCI V~i 124
IZ^5 IR--,C:1( I )c (1 125
126 JCO¶,i )rNEOQ4.Z Ci 126

IF I ~ ±.E A' TO C1 c 128
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129 ZRwJCO(IX) CG 129
130 AX(1)mAX(IX) co 130
t31 9X(¶)wmX(IX) CG 131
132 16 ir(IR.OT.NI) GOT 9Co 133
132 0 I C(¶)mCX(ZX) 00T 9Co ¶32
134 IF (ZCONX(IR).NE.O) 00 TO IS CC 134
135 IF (II.LE.1N2) CALL CWW (ZRjIIINZjCB,NICI,NI,0) CG 136
136 IF (IM:.LC.1M2) CALL O&*S (ZR 4M1,IM2,CS(Imx1l).NSCUNUO) CC 116
137 C LOADING FOR *(WN)FRZME CC 137
138 IF (NLODFE,IOo) 00 TO 19 CC 138
139 JXuIR-ISV CO 139
140 IF (JX.LT.I.OR.JX.CT.ZT) 00 TO 10 C0' 140
141 EXKNZARRAY(ZR) r'G 141
142 JSSNJCO(I) CC 142
143 CS(JX,JSS)mCU(JX.JSS)-(AX(i)+CX(¶)).CXK CO 143
144 It CONTINUE CO 144
145 20 IF (NPCONEQ.O) 00 TO 22 CO 145
146 JSSuNEOP CO 146
147 C FILL *(SS)PRZME TO SEV OLD.t PATCH NASIS FUNCTIONS TO ZERO FOR CO 147
146 C PATCHES THAT CONNECT TO NEW SEGMiENT$ CO 148
149 00 21 1.1 ,NPCON CO 149
iSo ZXNZPCON(1)02eNI-ISV CO 150
151 ZRmIX-l CC 151
152 JSSNJBSS* CO 152
153 IF (ZRGT.SAN0.IR.LE.IT) C1(IR.JSS)m(Il,0,) CO 153
154 JSSUJSS+I CO 154
155 IF (IX.OT.0.AND.IX.LC.17) CI(ZX,J5S).(l,.O,) CO 155
156 21 CONTINUE CO 156
157 22 IF (M2.GT.M) 00 TO 23 CO IV7
158 C FILL *(SW) AND I(55) CO i58
1s, IF (11.LE.1N2) CALL CMSW (M2M,1,IN2,CI(1,IST),CINI.NU.O) Co' 151
150 IF (IMI4LE.Z¶4) CALL CMSS, (M2.M,:I.d1IPM2,C6(ZMX.IST),N6.O) CO 160
141 23 IF (zCASX.tQ.I) 00 TO 24 CO 161
162 WRITE (14) ((CI(I,J),ImI,1T).JEI,ND) CO 162
163 4 C ONTILNUE OPEE TATO N CO 164
163 4 CONTLINUE OPCE TATO N CO 163
is$ %T*NPIL CO 105
166 ISVm-NPIL CO 16$
167 DO 43 XPL0uI .NIIL CO 167
Ise ZSVaISV+NPUL CO 168
ISO ISVVzuISV+NC CO 169
170 IF (IOLK.EG.NBL) ITwNLIL CO 170
171 IF (ICASX.LT7.3) G0 TO 27 CO 171
17) DOI 26 Jml17 CO 172
173 DO 25 Zul NC CO 173
174 25 CC(Z1 J)B(O,,0) CC 174
175 DO 26 Zul ND CO 175
178 26 CD(I,J)C(O.,1 0) CO 176
l'7 27 11NZSVv+l CO 177
178 Z2wISVV+IT CG 178
1"19 INImIl-MICO CG 179
Igo IN2uZ2-MILO CO 150
181 IF (ZN2.GT.N) IN22N CG 181
182 ZMINII-N CC 182
¶53 1M2w12-N c;C 183
¶54 IF (IMIA ,LM2C) ZM¶.tM2EO CC 184
¶85 Ir (ZM2,GT.MCO) IM20MEO CC 1815
186 ZMXml CO 166

187 Ir (INI ,LE.1N2) IIMXONEQN-1I+2 Co 187
Ise Ir (ICASX.L1,3) 00 TO 32 Ca ¶68
159 If (N20TN) 00 T0 32 Co ISO
190 C SAME AS DO 24 LOOP TO FILL OCww) rOR tCASX OREATER THAN 2 Co ¶90
¶91 DO 31 JuN2,N CO 191
192 CALL TRIO)(~ CC 192
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193 DO 29 I=1,JSNO CG 193
194 Jss=JCO(I) CO 194
191 IF (Jss.LT.N2) 00 TO 28 CG 195
I9o JCO(I)=JSS--Ni Co 106
191? 00 TO 20 Co 197
M~t 26 JCO(I)-NEQS4ICONX(JSS) Cclobi
199 29 CONTINUE Co ¶00
200 IF (INI.LE.1N2) CALL CI4N# (J.INlIN2,CD.ND.CDND,l) co 200
201 IF (IMi.LEIM2) CALL CIW*S (J1IM¶.2M2.CD(¶,M~X),ND.CDND,1) CO 201
202 Ir (NLOADEQo) 00 TO 31 CO 202
203 IRwJ-NI-ISV CO 203
204 IF (IRLT.¶.OR,IROT.IT) 00 TO 31 CO 204
205 EXK*ZARRAY(J) CO 205
206 D0 10 1.1 4SNO CO 206
207 JSSWJCO(I) CO 207
208 30 CD(JSS,IR)mCD(J$SSR).-(AX(I)4.CX(I))SEXK CO 206
209 si CONTINUE CO 209
210 32 IF (M2.oT1hl) 00 TO 33 CO 210
211 C FILL O(SW) AND 0(SS) CO 211
212 IF (INI.LE.1N2) CALL CMSW (M2,u.IN¶,IN2.CD(IST,I),CD N1 NO.1) CG 212
213 IF (IMI.LE.1M2) CALL CMSS (M2ehl.IMl,11d2,CD(IST,ZMX),40,¶) CO 213
214 33 IF (Ni *LT.1) 00 TO 30 Co 214
V15 C FILL C(WW),C(WS), D(VM)PRIME, AND o(ws)PRIME, CO 2VS
216 00 37 Jil ,Ni CO 216
217 CALL TRIO (J) CO 217
218 IF (NSCONCOQ.O) 00 TO 36 CO V16
219 D0 35 IX-l,JSNO CC 219
220 Jssmjco(IK) CC 220
221 IF (JSS.LT.N2) 00 TO 34 CO 221
222 JCO(ZX)UJSS+MICO CO 222
223 00 TO 35 CO 223
1.24 .34 1RmICONX(JSS) C 2
226 IF (IR.NEO) JCO(IX)ONEQ5P4.ZR CO 225
22t 36 CONTINUE CO 226
227 36 IF (INI.Lt.N2) CALL C04VM (J,INI,4N2,CC,NC.CO1 NL¶,ITX) CO 227
228 IF (IMI.LE.M2) CALL CNk#S (J,IMI,1M2,CC(1,IMX).NC,CD(l,IMX).ND,ITX CC, 226
P.29 1) CG 229
230 37 CONTINUE CO 230
231 IF (NSCON.EOO) 00 TO 3V CC 231
232 C FILL C(VaW)PRIME CO 232
233 00 31 2Im1 ,NSCON CC 233
23-k IRmI5CON(IX) CO 234
235 J5S~NLQS+IX-ISV CO 235
236 IF (JSs.''1,0.ANrLJSSLEIT) CC(IRJSS)w(1.,O.) CC 236
237 35 CONTINL.t CO 237
ps 9 IF (NPC01:EO.O) G0 o TO41 Co 238

239 JSSmNEOP-ISV CC 239
240 C FILL C(53)PRIME CO 240
2.41 DO 40 ~IvNPCON CO 241
242 IXr1PC0N(!)*2+Ni CO 242
243 R- CO 243
244 JSS=JSS+i CO 244
245 IF (JSSOCT.0AN0JSSLEIT) CC(IRJSI)"(,,,O.) CO 245
4'46 JSS=JSS4 i CC 246
i47 IF (J$SCTOANDJSSLEIT) CC(TX.JSS)x(¶..O.) CC 247
2Ah 40 CONTINUE CO 246
249 41 IF (M1,L1', ) 00 T0 42 CG 249
250 C FILL C(SW) AND C(SS) CO 250
251 Ir (INI.LE.IN2) CALL CMY (¶,M¶,NiIN2,Cc(N2,¶),CCO0,NC,¶) CG 251
252 IF (ImI.LEIm21 CALL CMSS (1,M1.IMI *IM2,CC(N21 IMx)1NC,1) CG 252
253 42 CQ¶N11NUE CO 253

54 IF (ICASiEQ~i) CC T0 43 CG 254
155 WRIT E ( 12) C(CJ, I J.-. IND).Iml , IT) ¼5 255

26 WRITE (15) ((CC(JI),J-1lNC),I-.ulT) CO 256
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257 43 CONTINUE CO 257
253 Ir(ICASX.EO.I)RETURN CG 258
25H REWIND 12 CG 259
20 FALWZND 14 CO 260
26 1 REWIND 15 CC 261
262 RETURN CO 262
263 END CG 263-
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CMSET

. PURPOSE

To control the filling of the interaction matrix.

METHOD

The linear equations resulting from the moment method solution of

equations 13, 14 and the negative of equation 1 in Part I are written as

N 2M

A jA i + I b D1 B i i 1, N...
3.1 Jul

N 2M

CJCkJ * dji D kJ k • 1, o.. 2H

Jul jul

where N a number of segments

M a number of patches

A1ij * ' 1d at r1 due to segment basis function J)

B uj a ' (i at i due to current on patch ((j + 1)/21 in

direction )
Ckj -k (9 at P[(k~l)f2J due to segment basis function j)

'S((k+l)/21

D V k (4 at P[N+)/2 due to current on patch ((j+l)/21

in direction u.) S 1 0k

E, " (incident electric field at )

Hk (incident magnetic field at 5[(k+l)/2I) 8[(k+1)/2]

e po•" ion of the center of segment i
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pi - position of the center of patch i

;i a unit vector in the direction of segment i
Ak{ I if i is odd*v

a for patch ((il)121

it2 if i is even.,

i2 if i is odd

1~ if i is even ) for patch ((i.1)121
S 1 1. ilf ; x E2 aon patch i

-1 if I x ;2 aon patch i

a kj- -if k u odd

41 if k * - even

o if kI

The basis function amplitudes a3, b3, cj and d, are determined later

by solving the matrix equation of order N + 2.0
The matrix elements are computed by calling subroutines CW4W, CtSW,

CHWS, and C'MSS for the elements of A, B& C and D respectively, For A and C

the components of all bails functions that extend across segment J are

computed by calling TRIO at CM 52. CIWW and CMWS are then called to compute

the components of A or C due to these basis function components on segment J.

If segment J. with length Ail is loaded with impedance Z jthe

elements of A are modified as Ajk a A jk 7. X (value of basis function k

at the center of segment J) for k a the numbers of all basis functions that

extend onto segment J. The summation over values of k (k a JBS) for loading

on segment J occurs at CM 68.

The submatrices are stored in the array CH in transposed form. All

references to rows and columns, here, apply to the nontransposed matricer.

Thus "row" in this discussion rafers to the second index of CM in the code.
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For a structure without symmetry the submatrices are stored in the order

C: :]
If the complete matrix is too large for the array CH then blocks of rows are

filled and written on file 11. A block may then contain rows from A and B,

rows from C and D or a combination. The row of CM at which C and D start is

computed as IST.

For a structure having p symmetric sections the submatrices are stored in

the form

1 B I A 2 B 2 * A p B P

ýl D C 2 DV2 C p DP

whereE: 3,@ Di

represents A1 in the first row of submatrices in equation 108 of Part I.

Each call to CKWW and CMWS may fill elements of Ai or Ci for any value of

i. The column indices in array JCO are adjusted at CM 55 to allow for the

columns occupied by the Bi and Di matrices. Bi and Da are filled for

each value of i in the loop from CM 75 to CM 81. The Fourier transform of the

submstrices, or the transform for planar symmetry (equation 116 of Part I) is

computed from CM 85 to CM 100.

SYMBOL DICTIONARY

CM - array for the matrix

I1 = number of first equation in a block (patch equation +N for

patches)

12 - number of the last equation in a block

IE•VX a 1 to use extended thin wire kernel on wires, 0 otherwise

I141 m number of first patch equation in a block

-49-



CMSET

IM2 - number of last patch equation in a block

1N2 - number of the last segment equation in a block

IOUT a number of real numbers in a block for output 0
IPR w row in CM (second index) for segment J

IST a row in CH of the first patch equation

ISV 0 11 " 1

IT a number of rows in a block

IX8LKI w block number

JH1 a number of first patch in a symetric section

JH2 * number of the last patch in a syn•stric section

JOT a column in CH of the first patch equation for a Symmetric block

MP2 a number of patch equations

NEQ a total number of equations

HOP w number of symmetric sections

NPEQ s number of equations in a symuetric section

NROW a row dimensions, of the transposed CH array

RKHX = minimum interaction distance at which the infinitesimal dipole

approximation is used for the field of a esement

ZAJ a Z i /

0
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I SUBROUTINE CMSET (NROW,CM.RKHX.IEXKX) CM 1

3 C CMSET SETS UP THE COMPLEX STRUCTURE MATRlX iN THE ARRAY CM CM 3
4 C CM 4
5 COMPLEX CM,ZARRAY.ZAJ,CTK.CTSCTC,CXX,EYK,E2K,CXS.'CYS.EZSEXCEYC, CM 5
6 IEZC,SSX,O,DETER CM 6
7 COMMON /DATA/ L0.N1,N2,N,NP,M1,M2,M,MPX(3OO),Y(30O).2(.ýUOh.5(3OO CM ~
8 1),91(3OO),ALP(3OO).BET',3OO),ICON1(3O0),1CON2(30O),ITAG(3OO),ICONXI( Cm a
I 2300) ,WLAM.IPSYM CM 9
I0 COMMON ,dMATPAR/ ICASENBLOXS.NPSLK,NLASTNSLS'?MNPSYM.NLSYMIMAT.I CM 10
11 1CASX,NBBX,NPBXNL8X INSBL,NPBLNLSL cm 11
12 COMMON /SMAT/ SSX(16,16) CM 12
13 COMMON /SCRATM/ 0(600) CM 13
14 COMMON /ZLOAD/ ZARRAY(300).NLOAD.NLODF CM 14
Is COMMON /SEGJ/ AX(3O),9X(3O).CX(30),JCO(3O).JSNO4.ISCON(50),NSCOX.IP CM 15
16 ICON(10),NPCON CM it
17 COMMON /DATAJ/ S,9,XJ,YJ1ZJ,CABJ,SAIJ.SALPJ.EXK.EYXEZK.EXS.EYt~,,Z CM 17,
Is IS,EXC,EYC,EZC.RKH,IEXK.INDI,1ND2,ZPOND Cm is
19 DIMENSION CM(NROW,1) CM 19
20 MP2U2$MP 'PM 20
21 NPEO.NP+MP2 CM 21
22 NE~tvN+20M CM 22
23 NOP=NEO/NPEO CM 23
24 IF (ICAsE.GT.2) REWIND Ii CM 24
25 RKHmRKHX CM 25
26 IEXtX=IEXtKX CM 26
27 IOUT=2*NPBL.K*NROW CM 27
28 IT=NPBLK CM. 28
29 C CM 29
30 C CYCLE OVER MATRIX BLOCKS CM 30
31 C Cm 31
32 DO 13 lXBLKizi ,NBLOKS CM 32
33 ISY=(IXBLKl1-)*A'PALK CM 33

34 IF (IXBLKI *EO.NSLOKS) ITwNLAST CM 34S35 DO I 1=1 ,NROW cm 35
36 DO 1 J=l .17 CM 36
37 1 CM(I.J)M(0.,,.) Cm 37
38 IlmISV+1 CM 38
39 12=ISV+17 CM 39
40 1N2=12 LM 40
41 IF (IN2,GTNP) IN2=NP CM 41
42 Iml~I1-NP CM 42
43 IM2=I2-NP CM 43
44 IF (ImI .LT1I) IM1=I Cm 44
45 IST=1 CM 45
46 IF (II LE.NP) IST=NP-Il+2 Cm 46

47 IF (N.EQO) G0 T0 5 CM 4?

48 C CM 46
49 C WIRE SOURCE LOOP CM 49
50C cCM 50

51 C0 4 J=1,N 00 51
52 CALL TRIO (J) CM 52
53 DO 2 lziJSNO CM 53

54 Ij=JCO(I) CM 54
55 2 JCO(Z)=((IJ-l )/NP)OMP2.IJ CM 55

56 IF (I1.LE.!N2AI CA'.L C~A (J,X1,1N2.CM,.NROW,CM,NROW.1) ChA 56

57 IF (IMI.LE.',.M2) CALL CIA'IS (J,IMI,IM?.,CM(1,1ST,'NROWCM,NROYd,1) Cm 57
so IF (NLOAD.EO.Q) GO TO 4 CM !a

59 r Cm 69
60 C MATRIX ELEMENTS MODIFIED BY LOADING CM 60
61 C CM 61
62 IF (J.GT.NP) 0O TO 4 CM 62
63 IPR=J-ISY CM 63
64 Ir (IPR.LT.i.OR.IPR.GTIT) 0O TO 4 LM 64
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65 ZAJOIARRAY(J) CM 65
66 DO 3 ZulJSN0 CM 66
67 JSSsJCO(X) CM 67
68 3 CM(JSS,!PRt)mC~M(JSS.IPR)-(AX(I).eX(t))SZAJ CmA f8

6t04 CONTINUE CM 6o

it MATRIX ELEMENTS FOR PATCH CURRENT 0,4umctf CM 71
7.2 JM110-Up CM 72
73 .jm2uo CM 73
74 JSTwlga' CM 74
75 D06 I. IINOP Cm 75
76 JminJml4mp CM 76
77 JM20J1J24MIP Cm 77
76 JSTWJSTh*NpioQ CM 76
70 17(IL.4)CALL CmIW (~,MIZ2O(S.~M0N~1 CM 70
s0 IF (?MI.LE.1M2) CALL CMSS (JMId,JM2,Zu1,2w2,CM(JSTIhST).Nftwi) CM 60
at 6 CONTINUE CM 61
32 7 IF (ZCA5S.EO.,i) 00 TO 13 ..CM 62
oS,, , I (ICASE.E4.3) 00 TO 12 CM Is
64 C COMBINE ELEMENTS FOR SYMMiETRY MODES CM 64
85 Do 11l Zm.lT CM 65
dfi 00 1I JOIONPCQ CM 66
87 D0 8 Koi,NOP, CM 67
as KAmJ+(K-1 )ONPEO CM so
89 a O(K()MCM(KA.1) CM to
90 DETERmD(1) CM t0
91I D0 9 KKW2,N.0P CM $I
92 9 DETEREDETEN+D(KK) CM 022
03 CM(J.1)EwDtTEA CM 93
94 Do It Kw2.NOP CM 94
95 KAuJ+(K-l )ONPEQ CM 95
96 DETERND(1) Cm 96
97 DO 10 KK=2,NOP CM 97
98 10 0CtSRmD9TER+D(KK)*SSXK.I(KK) CM I8
91 CM(KA.I).ýlETER CM l00
100 ii CONTINUE c 0
101, IF (ICASE.LT.3) 00 TO 13 CM 101
102 C WRITE ULOCK FOR OUT-OF-CORE CASES. CM 102
103 12 CALL *LCWDT (CM,11,11IOUTI.31) CM 103
104 13 CONTINUE CM 104
105 IF (ZCASE.GT.2) REWIND 11 CM 105
106 RETURN CM 106
107 END CM 107-
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CMSS

PURPOSE
To compute and stoti matrix elemeuts, iepreftihS the H 4.eld it patch

centers due to the current on patche".

CHSS computes the matrix elements' de-ined hthe des ription of
'. ,, ' J t • ý, : • , : '• ,' , V,', . .- . , •, "

subroutine CM3S.T. Subroutine HINTO is catled ,o 4outp, ,he magaw ic field at!
the center of patch I dise to current on patch J,. K,Oue.'to r.hecQuwria&t t•- on,

.. I ., I I H ci en 1 . , sA t ored11
patch J is stored in E*KO.,YK atid ZZK, while. due to " t ....
in EXS, EYS and E.$. The teru..0.50 in Dkj is added''it CK"i •nd.

62 for odd and even, eot!eiona,,, The matrix elements eare stored in array• CM,.:

from SS63 to FS78. in eith.tr ormal' or transposed order. •iementi for 'both the
eve-n and,'odd qu4tiona are ,tored if bth * ~uions are wit-hin the. block.

SYMBOL DICTIOtMA

CH array for matrix storAge

G11 D,' Lor k odd, j odd, ,

G12' 0.6 for kod~l j even
" 021 0 D. for -k even, -j c'dd

G22 a Dkj for k even, j *ven 4 I '

11 n parr~h number foi iirst equacion

12 - patch number for last equatin

1co•1P a equation nurmLbar for the od4 numbered equation for

observation patch 1

-11 l Location uf the odd numrberd equation in CM

112 - locat.on of the even numbereJ equation in CH

IL - array locetion for coordinates of patch I

1';l - patch equation number tot first equation in bluck

IM2 - patch equation number for last equation in block

ITRP - 0 or 1 to select norwcal or transposed filling of CM

Ji m number of first source patch

J2 - number of last gource parch

0
-53-



C4SS
J1 - column in non-transposed matrix, of the first

eqtation for patch J

JJz w column of second equation for patch J

JL a array location for coordinates of patch J

N[OWV s row dimension of C14

TIXI, TrYI', Miz-4

T2XI, T2YI, T2ZI| a x, y and a compooonts of il or f2 for patch I

T?4J, TIYJ, TIZJ or J

T2XJo T2YJo T2ZJ

SXi, YI, ZI , coordinates of center of patch I
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I SUBROUTINE CMSS (Jl,j2,IMlIM!2,CM,NROW.I¶RP) SS 1
2 C CMSS COMPUTES MATRIX ELEMENTS FOR SURFACE-SURFACE INTERACTIONS. SS 2

3 COMPLEX GIl ,G12,021,022,CMIEXKEYK,EZKEXS,EYS,EZISCXC,EYC,EZC SS 3
4 COMMON /DATA/ LDN¶,N2,N,NP.Mt,M2,M.MPX(3OO).Y(300),Z(3Oo).sz(3oo SS 4

is i.),Sz(30),ALP(300).IET(300),ZCONI(300).ZCONda(300),ITAo(300),ZCoNX( SS 5

7. COMMON /ANOL/ SALP(300) ISS
8 COMMON /DATAJ/ 5I,SXJ,YJ,ZJCAUJ,IAIJ,SALPJ,XKKYKSCZKCKSEYSEZ IS 6
I 1S,CXC,EYCEZC,RKHN4CXKINDIIN02,ZPONO IS 9

10 DIMENSION,,CM(NRON, I) ss 10
11 DIMENSION lix(i). TlY(i). T12(l) 2~), T2x~) Y(t), T2z(1) Is 11
12 EQUIVALENCE (TIX.51). (71Y,ALP), (TILZIET), (72X,ZCONI), (T2Y.ZCON SI 12
13 12). (722.1 TAO) SS 13
.14 EQUTVALENCE (TIXJ,CASJ)l (T¶YJ.SIAJ). (TIZJ,SALPJ), (T2XJ,), (T2Y 1t 14
15 IJZNDI), (T2ZJ,ZND2) S5 is
16 LtPULO+i $5 is
17 Zlu( MI+l)/2 SI 17
Is 12( M2+i)/2 15 is
19 ZCOMWmZI2-3 SS 19
20 It*.-1 35 20
21 IF (ICOMP.2.LTZlMi) I113-2 IS 21
22 C LOOP OVER OBSERVATION PATCHES $3 22
23 DO 5 Iu!1,12 IS 23
24 ILwLDP-I SS 24
25 ICOMPoICOMP.42 3I 25
20 Ili.111+2 S9 26
27 1120111+1 SS 27
28 TiXImTiX(IL)*SALP(:L) SS 20
29 TilYmTlY(IL)*SALPZL) ISS 29
30 TlZl.TIZ(ZL)*SkLP(IL) SS 30
31 T2x!.T2X (IL)$SALP(IL) 15 31
32 72Y1.T2Y (IL) *SALP (IL) SS 32
33 T2ZIT2Z(IL)*SALP(IL) SS 33
34 K~Xlw',IL) IS 34
35 YINY(IL) S5 35
35 ZImZ(IL) S5 36
37 JJ10-1 SI 37
36 C LOOP OVER SOURCE PATCHES 9S 38
39 DO 5 JwJ1,J2 IS 39
A0 JL=LDP-J SS 40
41 JJ¶.m'Jl+2 IS 41
42 JJ2*JJI+l 55 42
.0.3 SuBI(JL) SS 43

k4 XJ=X(JL) SS 44
45 YJmY(JL) 15 45
46 ZJmZ(JL) 5S 46
47 TiX~uTIX(JL) SS 47
48 TIY~sTlY(JL) SS 48
4Ev TIZIkTI2(JL) S5 49

50 T2XJ=T2X(JL) SS 50
31 T2YIPT2Y(JL) 51 51
52 T2ZJ.T2Z(JL) SI 52
53 CALL HINTO (xl.Y,21Z) SS 53
54 Gl1.-(T2Xt*EMX+T2YIsEYK+T2ZICEZK) IS 54
55 0l2.-(T2XI*EXS+T2YCI4EST2ZIOEZS) IS 55
56 02¶u-(TIXIOEXK+TIYZECYM+TIZICEZK) S5 5e

B.? 22u-(TiXT4EXS+T1YZ'EYI+rlI*Z5OZ) SI 57
58 IF (lTNEJ) GO TO 1 SS 55
59 011ua0I1.5 S 55 9
60 q~22=0'72+,5 SS to
al I IF (ITRPNEý0) 00 TO 3 SI 61
62 C NORMAL FILL SS 62

63 IF (ICOMPLTW4) 00 TO 2 
IS 63

64 CMCji,jj¶)r~l'. SS 84



65 ChI(Zl,JJ2)w012 55 65
66 2 If (ZCOMP.GE.IM2) GO TO 5 Ss 66
67 CM(112.JJI).621 ss 67
Go CM(112.JJ2)mG22 55 Go

C0 c RNPOE ILL SI 70
71 3 If (zCOMP.LT.IMI) 00 TO 4 S5 71
72 CN(Jii.:ZZ)aoti 3S 72
73 cN(JJ26IZI)0012 SS 73
74 4 if (IComp.og~tw2) 0O TO 6 S1 74
75 OhI(JJiI,2 ).@21 IS 75
.76 CkI(jj2sII2) .02 is 74
77 5 CO#4TINuC $5 77

78 ATURN 55 76
71 END 1 4
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PURPOSE

To compute and'stare matrix elements representing the electric field at

segment centers due to the current on patches.

METHOD

8W30 - 8W35 Coordinates of observation segment are stored.

SW36 - 8W42 If either end of the observation segment connects to a

surface IPCH is set to the number of the first of the

four patches at the connection point.

SW48 - SW57 Coordinates of the source patch are stored in

COMMON/DATAJ/.

SW61 - SW86 IF IPCH a J then patch J is the first patch at the point

where segment I connects to the surface. Subroutine

PCINT is called to integrate the current over the four

patches at the connection point. The currant on the

patches includes the eight basis functions of the four

patches and a portion of the basis function from the

segment* Hence contributions to nine matrix elements are

generated and stored in array EMEL. The field due to the

segment basis function extending onto the patches is

stored in array CW at SW76 or 8W78. The fields due to

the first patch basis function, SMEL(l) and EMEL(5), are

then stored in array CM at 8W80 and SW8I or at SW83 and

SW84. ICGO is then incremented, For the next three

times through the loop over J the call to PCINT is

skipped at SW63 and the remaining values in EMEL are

stored,

SW88 - SW96 if segment I and patch J are ýiot connected, subroutine

UNERE is called to compute the electric field due to the

current on the patch with the current treated as Itertzian
dipoles in the directions ii and t 2 . The matrix

elements are stored in CH.
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SW102 - SW138 This is a special section of code to compute the electric

field due to the component of a segment basis function

that extends onto connected patches. it in used at line

UG.12 of subroutine CHNOV for the case where the

connected segment and patches are in the NOV file and a

now segment is connected to the outer end of the NGF

segment modifying its basis function. Subroutine PCINT

is called to evaluate the nine matrix elements, Only

EMEuL(9) is used since the patch basis functions have not

been modified.

SYMBOL DICTIONAAY

CABI * x component of £ in direction of segment I

CM a array for 9 due to patch basis functions

CW a array for I due to segment basis function extending onto

surface at connection point

EMEL - array of matrix elements from integrating over surface

FSIGH a 41 depending on which end of segment connects to nurtice

11 m number of first observation segment

12 a number of last observation segment

ICGO a index for matrix elements at connection point

IL w index for segment basis function in CW

IF a I for direct field, 2 for image in ground

IPCH - number of first patch connecting to a segment

ITRP - 0 for normal matrix fill

1 for transposed fill

-1 for special NHO case

J - source patch

Ji * first source patch

J2 * last source patch

JL w index for source patch in CM

iJS index for patch coordinates

K a index in CH or CW for nbservation segment

NCW - index offset for CW
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NEQS a number of equations excluding NG?

NROW " row dimensions of CM and CW

P1 a pi

* .in k(s - o) for a at' the nd of ,the segment
PY m Cor k(s aO)j connected to the surf&@c
SABI a y component of i in direction of segment I

SALPI a a cc-mponent of i in direction of segment I
XI1 Yl, ZI a center of observation segment
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I SUBROUTINE CUSW (J1,J2.111,2.CM.CW.NCWNROW.rTNP) SW I
2 C COMPUTES MATRIX ELEMENTS FOR E ALONG WIRES DUE TO PATCH CURRENT SW 2
3 COMPLEX CM,ZRATZZRATZ2,T1,CXK,EYK,EZIK,EXS,EYS.CZSCXCEYC,EZC.CME Sw 3
4 lLCW,FRATI SW 4
5 COMMON /DATA/ LDM1,N2,N,NP,M1,M2,MUP,X(3OO),Y(5OO),Z(30O).SZ(3OO SW 0
6 i),IZ(300).ALP(300),3£T(SO0),ZCONI(300),ZCON2(300).ZTAO(300),ICONX( SW 6
7 2300) ,WLAM,IPSYM SW 7
a COMMON /ANOL/ SALP(300) SW a
9 COMMON /GNO/ZRATI,ZRATZ2,FIIATI,CL,CHUCRWL,SCRWR.NRADLd(IYMP,?7AR, SW I
10 ilPERr.TI,72 SW 1o
11 COMMON /DATAJ/ S,I.XJ,YJ,ZJCAgJ.SAgJ,SALPJ,E~KEYK,EZK,EXS,EVS,tZ SW 11
12 ISiCXC,EYC,EZC,RKH,IEXK,INOI,ZND2,IPOND SW 12
13 COMMON /SfOJ/ AX(50),IX(30),CX(30).JCO(3O),JSNOISCON(5O).NSCON.ZP SW 1.3
14 iCON(1O),NPCON SW 14
is D2IMNSION CAB(l) SAI(l), CM(NROW,1), CW(NROW,l)SWI
Is DIMENSION 1`19(1), TIY(l)e TIZ(i), TZX(i), T2Y(I), M2(1). [EML($) S"W 11S
17 EQUIVALENCE (TIX.SI), (TIYALP). (TIZUET). (.TIXICONI), (T2YIcOw Sw 17
Is 12). (722,ITAC). (CAIALP). (SANIT SW Is
19 EQUIVALENCE (TIXJCAIJ), (TIYJ.SASýJ) (TIZJ, SALPJ), (T2ilJ,m (T2Y SW 19
20 iJINDI). (T2ZJ,1N02) SW 20
21 DATA PI/3.1415126$4/ SW 21
22 LDPELD+l SY, 22
23 NtOSmH-NI+42(M.-MI) SW 23
24 IF (:TRP.LY.O) 00 TO 13 SW 24
25 Koo SW 25
26 ICOONI SW 26
27 C OBSERVATION LOOP SW 27
26 D0 12 Im~l,12 SW 26
20 KNK~i SW 20
30 XZEX(I) SW 30
31 YlmY(Z) SW 31
32 ZINZ(I) SW 32
33 CABIsCAN(I) SW 33
34 SABIISAS(l) SW 34
35 SALPZUSALPUl) SW 35
36 IPCHmO SW 36
57 IF (ICONI(Z).LT.10000) 00 TO I SW 37
38 IPCHmICONi(I)-i000 SW 38

39 FIONo-i , SW 39
40 1 IF (ICON2(l).LT.10000) 00 TO 2 SW 40
41 IPC~oICON2(t)-l0000 SW 41

42 FSXGN*I, SW 42
43 2 JLwO SW 43
44 C SOURCE LOOP SW 44
45 00 12 JuJI,J2 sw 45
46 JSmLDP-J SW 46

47 JLwJL+2 SW 47
48 lixIjulr¶x(is) SW 40
49 TlYJmTlY(4S) SW 49

so T1Z Tiz(jS) Sw so
51 Y21XJJu12X(JS) Sw 51

52 72YJu72Y(JS) SW 52
53 12ZJnT2Z(JS) SW 53
54 XJwX(JS) SW 54
55 YJwY(JS) Sw 55
B6 ZJNZ(JS) SW s6
57 SuUI(JS) Sw 57
58 C GROUND LOOP 5w 50

50 DO 12 IPwl,KSYMP SA s9
so !PON0SIP Sw 60
6l IF (IPCHNE.JAND.ICGO.(Q,1) G0 TO 9 sw 61

fý IF (IP.EO,2) GO TO 0 SY, 62

3 IF UICGO.OT.1) c0 To 6 SW 63

84 CALL PCINT (X:.YXIZI,CA9I,SA4IIALP:OCMEL) SW 64
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65 PY-016SI(r)OFrGIN SW is
66 IlmSIN(PY) Sw 66
6? PY.COS(PY) SW 67
Go EXCEEMEL(O)OrSIGN sw is
69 CALL TRIO (Z) i
70 IF (1.0f.N4) 00 TO 3 SW 70
71 ILENEOS+e.COINi(I) SW 71
72 00 T04 SW 72
7$ 3 ILmI-NCW SW 73
74 If (I.LE.NP).)ILa((IL-1)/NP)s2*OMP.IL SW 74
75 4 IF (ITRP.Nt.O) 00 TO 5 SW 75
76 CW(K,IL)MCW(K,IL).EXC*(AXckJSNO)+BX(JSNO)'PX+CX(JSMO)SPY) Sw 76
77 60TO06 SW 77
76 5 OW(IL,K()NCW(ZL,K).EXC'(AX(JSNO)+UX(J3NO).GiX+CX(JSNO).PY) SW 75
79 6 IF (ITAP NCLO) 00 TO 7 Sw 7
so CM(XJL...mt )ubL(I~00) SW s0
WI CM(K,JL)uEMEL(IO00+4) Sw $I
82 00o0 to 62S $
63 7 CMCJL-iK~wtMEL(IC0O) Sw 93
64 CM(JL.K).CWEL(ZCGO+4) SW 64
6858 ICoOmICOQ+1 SW 65
86 IF' (IC0O.EOs) ICO0mi Sw so
al 00 TO I SW 57
as I CALL UNERE (XIYI.zI) Sw Be
so IF (ITRP.NE.O) 0O TO 10 SW 89
90 C NORMAL FILL Sw go
91 CM(K,JL-l)uCM(K.JL-1)4.CXK@CAUI4.EYISSAUZ+EZK*SALPI SW 91
92 CMCK,JL)aCM¶KJL)+EXSSCA9I+EY3S5ABZ*EZSSSALPI $W 92
03 0070O11 SW 93
94 C TRANSPOSED FILL SW 94
95 10 CM(JL-1,K)nCM(JL-iK)+EXKSCA3I4.EYK'SA3I+EZKSSALPI SW 95
16 CtICJL,K)aCM(JL,K)4.EXSSCAU1+EYS*SAUI.CZSOS'ALPI SW 96
97 11 CONTINUE sw 070to 12 CONTINUE sw 98
99 RETURN SW go
100 C FOR OLD SEG. CONNECTING TO OLD PATCH ON ONE ENO AND NEW SEC. ON SW 100
10i C OTHER END INTEGRATE SINGULAR COMPONENT (9) OF SURFACE CURRENT ONLY SW ¶01
102 13 IF (JiLT.II.0R.JIGT.12) 00 TO If SW 102
103 IFC~vZC0Ni(Ji) SW 103
104 IF (IPcH.LT.10000) 00 TO 14 SW 104
105 IPCH*IPCH-10000 SW 105
106 rsIONw-l. SW 106
107 (10 T0 15 SW 107
100 14 IPCH&ICON2(JI) Sw 108
109 IF (IPCIIL1.10000) 0O TO It sw 1OU
110 ZPCH.:PCH-l0000 SW 110
III FSIGNal sw III
112 15 IF (I1PCH.GY.MI) 00 TO ld SW 112
113 JStrLDP-IPCH sw ln3
114 XPONDal SW 114
115 T1XJUTIX(JS) SW 115
lie TIYJNT¶Y(JS) SW 116
W1 Tin a TIZ(JS) Sw 117
lie T2XJu72X(JS) VSW 1ie
119 12YjwT2Y(JS) SW i11

10 T22JwT2Z(JS) SW 120
121 xioJ.(JS) Sw 121
122 YjxY(jS) SW 122
123 ZJEZ(JS) SW 123
124 SuD1(js) SW 124
125 XINX(il) SW 125
126 YImYC(1) SW 126

1? ZINZ(41) Shw 1270 28 CASI.CAD(Ji) SW 128
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121 SABINSAI(JI) SW 12l
130 SALPIOSALP( Ji) SW 130
131 CALL PONT (XIY!.M AI.cASIsIm!SALPIAMIML) SW 131
132 PYOPI*S!(J1 )OFSIGN SW 132-
133 PXuSZN(PY) SW 133i

134 PYuCOS(PY) SW 134

136 ZLOJCO(JSNO) SW 136
137 KoJI-Zl+l SW 137
133 CW(K,1L)uCW(K,!L)4tCOC(AX(JSWO).IX(JIMCO)PK4.CX(JINO)SPY) 0W 139
133 16 RETURN SW 139

40 END SW 140-
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PURPOSE

To compute aind store matrix elements representing the magnetic field at

patch centers due to the current on vire segments.

METHOD

Matrix elements are computed for patch equations numbered 11 through 12

with the source segment J, For odd numbered equations the matrix element

represents the first term on the right side of equation 14 of Pert 1. For

even numbered equations it is the negative of the first term on the right side

of equation 15. For equation I1 and for all odd numbered equations subroutine

HSFLD is called to compute the H field at the center of the patch due to

constant, sin k(s - to) and coo k(s - so) currents on segment J, The

required component of the field, 42 P or "41  P for odd or even

equations respectively, is computed from WS49 to WSSI. Multiplication by

ISALP(JM) reverses the sign when (i1, 2 2A) has a left-hand orientation on

a patch formed by reflection, The field component for each basis function

O component on segment J is computed and stored for WS56 through WS75. Storage

of the matrix elements is similar to that in subroutine CMWW.

SYMBOL D)ICTIONARY

C;M a array tor maacix elements

Nw - array for matrix elements (NGF only)

TKI a -t 2 H or -ii R due to current of constant,

ETS sin k(s - SO), or cos k(s - so) respectively

JTC

1 - equaLion number

I1 a number of first equation

12 a number of second equation

t.K - 0 if I is even, I if I is odd

I PA'TCH patch number for equation I

IPR - relative matrix location for equation I. Position in complete

watrix depends on the address of CH in the call to CMWS
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ITRP - 0 for non-transposed fill

I for transposed fill

2 for transposed fill for NG"

o source segment number

is a location in CON•4N/DATA/ of parameters for patch J

Jx - matrix index for a particular basis function

LOP 0 LD + I

NK raow dimension of CH

NW a row dimension of CW

TY a X6 YI and a Components of i orE
TZ

Y1i a xI y and a coordinates of the center of the patch at
ZIJ which the field is computed
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I SUBROUTINE eWWs (j.I1.Ik,CM.NR,CW,NWZTRP) ws
2 C WS 2
.3 C CPVWS COMIDUTES MATRIX ELEMENTS FOR WIRE-SURFACE INTERACTIONS WS 3
A C WS 4
5 COMPLEX CM,CW. ETK,Ers ,ETC,EXK ,EYK ,r2K, EXS.EYS.EZS,EXCCYCEZC WS 5
6 COMMON /OATA/ LDN1.N?,NNP.MI,M2,M.MP.X(3CO),Y(30O).Z(100),$I(3OU WS B
7 1).91(300),ALP(300),BET(300),ICON1(300),ICON2(300),ItAG(3OO),ZCONX( WS 7
S 2300),WLAMIPSYW WS 8
9 COMMON /ANOL/ SALP(300) WS *
i0 COMMON /SCGJ/ *X(30).BX(30),CX(30),JCO(3O),JSNO,ISCON(5o),NSCON,IP WS 10
11 ICON(10).NOC0N WSl
12 COMMON /DATAJ/ SSB,XJ,YJ,ZJ,CAIJ,SAUJ,SALPJ,EXK,(YKE2K,EXS.EYS,C2 WS 12
13 1iSCXC,EYC.EZC.RKH,IEXK,IND14IND2,IPGND WS :13
14 DIMENSION CM(NR,¶). CwQ~w,1). CAS(1), SAU(1) WI 14
is, DIMENSION TIx(1). TlY(l), T12(11), 72X(l), T2Y(I)- 122(l) WS 15
Is EQUIVALENCE (CAB,ALP). (SAB.BET), (IlX.SZ), (T¶YALP), (T¶2,SET) WS I$
17 EQUIVALENCE (T2X,1CDNl), (72YIC~ON2). (T22!ZTAO) WS 17
is LDPuLD+1 WSIs¶
le !15SI(1) ws 12
20 ono1(J) wS 20
21 XJSX(J) VOS 21
22 YJuY(J) WI 22
j23 ZJUZ( J) WS 23
24 CABJ=CAB(J) Vut 24

25 SABJSABS(J) *S7
26 SALPJ=SAXLP(J) WS 26
27 C WS 27
28 C OBSERVATION LOOP WS 2 '
29 C WE 4_ 209
30 IPR=O WS, 30
I1 DO 9 1=11,12 WS 311

32 IlPR:IiR+l NYS 32
33+ IPATCH=( 1+1)/2 WS 33

35 Ir (1TK.EO.0.ND.ZPR.Nt,.1) GC',TO 1 ft 15
36 J4 LP-IPATCN WS 36
37 XI=X¼JS) WS 37
38 YIWY(JS) Ws 38
.39 7I=Z(.JS) WS 39
40 CALL HN0L[0 (XT.yl,Z1,O,) WS 40
41 IF (IK.E~o. GO TO IWS 41
42 TX:T2X(JS) WS 42
43 TY=T2Y(j3) WS 43

A4 TZ=T2?.(JS) WS 44
45 GO TO 2 WS 45
46 1 TX--T1X(,!-) WTý 46
47 TI=TIY(JS) WS 47
48 TZ=I1Z(JS) WS is
49 2 E7K-(EXK'TX+rYK4TY..EZK'TZ)*SALP(JS) WS 49
5C ETS=-(EXSTVES*TY.+EZTPOALP( JS) WS 5c
31 EtC:-(EY.C@TW.E'COTY+E,'Ct72SAI P( J) W'll 51
52 C WS 52
53 c FILL M.AI~lx ELEMENTS. ELEMENT LOCATIONS DE1ERMXI~rDL BY CONNECTION WS 53
54 C DATA, WS 54
55 C WS 55
56 IF (ITRO.N[ 0) GO TO) 4 WS 56
5' C NORMAL rlLL WS 57
58 00 3 llj=I,JSNO WS 5B
59 JK~j'CO(Ij) wS59
60 3 CM(IPR,Jx)=CM(IPR,jý)tElýAX(IJ)4E~s9gx(II,+ETCI'.(IJ) *1 60
61 GOCTO9 WS 61

6 r1 111I,0P.EC) 1) 'C' I WS 62
r)7 TRANSPOSED FILL Ws 63
64 DO 5 1JI,:$.*SQ WS 64



CHWS
65 JXNJCO(li) WS 65
66 5 CbI(JX.IPR).CM(JXIPR)+ETK.AX(IJ)+ETS*SX(IJ)4CTCOCX(IJ) "~ do
67 0070O9 WI al
65 C TRANSPOSED FILL - C(%4) AND O(WS)PRZMC (MCW) Ws $0,
00 6 DOS8 IJuI,JSNO ws so
70' JXuJCO(IJ)ft 7

71 IF (JX.OT.NR) 00 TO 7 ws , ,l,
72 CM(JXZIPR)NCM(JX,IPR)+ETKSAX(?J).CTS*SX(IJ).CTCOCX(!J*I Wt" 7t

74 7 JX*JX-NR ~17'4
ý7CW(JX.IPT)uCW(JX.IPR).ETK.AX(ZIJ)tCTS.SX(:J)+ETe.CX(IJý) w 76

le66 CONTINUE 'vs76.l,
77f 9 CONTINUE 77
'Is RETURN its: 70'
79 END Wit7-
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' O PURPOSS

"To call subroutines to compute 'the electric field'at segmetit centers due

to current on other asgmtnta and to store waatrix elements in array locations.

HETHOD.
,•WW17- WW24 Parameters of eour'e segment (J) are stored in

COZ*ON/DATAJ/.

WviZ7 - WW43 Firet end of segment 3 is tested to datermine whether the

"", extended thin wire approximation can be used. tt cannot

be uied et a junction of more' than two %I•ret (WW30), a, a

bend (WW37), ia a change in radius (WW38), or at the base
of a non-vertical aegment connected to the 'round (WWý3).

S"i - WW60 .Second Ond o.f segment J i a'td"

WW66 ,,Loop ,over obaarvation segmenta rangesfrom II to I2. TVie

"1ndix IPR starts ''at so the, matriR' eolment for 11 is

"stored in the first. row or cotumn of the array CH. The

location i.n the cc.mplete matrix is determined by thu

address given for CM when I1WW is called.

WI.476 EFLD computes the electric fields at (XI, YI, ZI) due to

segment J and stores them in COMMON/DATAJ/.

WW77 - WW79 Electric field tangent to segment I is computed.

W484 - WW103 Matrix elements are formed by combining the field

compoufents.

WW86 - WW8d Matrix elements are stored in non-transposed order.

WW9Z - WW94 Matrix elements are stored in transposed order.

WW97 - WWIO4 When the source tegmenL is from a NGF file the matrix

elements will normally be stored in submatrix C of the

NOF matrig structure. When the segment connects to a new

segment, however, contributions to submatrix D result.

The C cnd D contributions are stored in CM and CW,

respectively, in Lranspo3ed order.
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SYMBOL DICTIONARY

At a radium of observation segment

CABI a x component of unit vector in direction of segment

CH w array for matrix elements

CW a array for matrix elements (NGo only)

ZTK i E field tangtht to s8e1gfet I due to CUtTrnt 'of

ETS constant, sin ks o anM coo k(s -"5)

ETCJ distribution, respectively, on sepint J.,

-I1 - first oiservationsg8mn"t

12 " final observation sesmet ..

a - 0 for *pecial troamenk when ". .. ,i

IPR 0 relative matrix location for obiarvation point

ITRP a 0 for. nor-transposed I•ML

I for transposed.fill

2 for transposed fiji for MG"

J * source segment number

• matrix index for a particular baois function

NR roy dLmansion of CM

NW - row dimension of CW

SABI a y compotient of unit vector ýp direction of. segment

SALPI - & component of unit vector in direction of sogment

XI, YI, ZI w coordinates of center of segment If

CONSTANTS

0.999999 a test for collinoar segimnts

0



CMWW
I SUIROUTZNC CmW* (J.11,Z2,CM,NR,CWNWITR1') ww 1
2 C WA' 2
3 CSE# COMP'UTES MATRIX ELEMENTS FOR W!RL-WXRC INTERACTIONS %W 3
4 WW 4
a COMPLEX CGMCW,ETKCT$,ETC,EXK,EYK,EZK,EXS,EY5,EZSCXC,EYC,ECc WN 5
6 C.Cf4MON /DATA/ LD.N1,N2,N.NP.M1.U2.M,MP,X(S0O),Y(S0O) 2(500)oSI(300 WW' 6
7 1),SZ(500).ALP(300).ICT(300).ZCONI(300),ZCON2(300),ZTAG(300),ZCONX( WA' 7
a 2300),WL.AM.ZPSYI WN I

I COMMON /ANOL/ SAbLP(30O) VOW' *
10 Ce)MMON /S[GJ/ AX(3O)U$X(3O).CX(30),JCO(8@),JSNO,ZSC0N(5D),NSC0N,ZP WA' 10
It I.Co4(io),Np'coN VA 11
1.2 COMMON /DATAJ/ S.h.XJSYJ,2J.CABJ,SAIJSALpjEXKIEVKEZK.EXSEYSEZ WA' 12
13 1S,EXC,EYC,EZC.RKHZEXK,ZND1,ZN02,ZP@ND WN 13
14 61MEN310N Ck(NP,1)v v'(NWoi), CANUCI), S"(I) WV 14
Is COUIVALtNCE (CASIALP), (SA6.UET) ww is
..I C SrV SOURCE SEGMENT PARAMETERS w.V is
17 SoSZi) *W 17
Is sell J) WV Is
tS XJvfX (J), W 1s
420 1 YJwY( j) WA' 20
21 ZJNZ(J) W.V 21
22 CABJuCAU(J) WA' 22
23 SAUJOSAU(J) WW2
24 CALPJ=SALP(J) WVA 24
23 IF (ZEXK.EQ.O) 00 TO 16 VM25
26 C DECIDE WEIHER EXT, T,W. APPROX. CAN It USED WA' 26
27 ZPROICONI(J) WW27
28 IF (IPR) ibB,2 VA 26
26 I IPRN-!Po w.V29
30 IF (-ZCDNI(ZPR).Nc.J) 00 TO0 7 WW 30
31 @0 TO4 ww 31
32 2 IF (IPR.NE.J) 00 TO 3 VA 32
13 IF (CA9J*CABJ+iSA9J*SASJ.GT.1.c-8) 00 TO 7 W. 33
34 00 TO 5 WAV 34035 3 IF (1C0N2(ZPR).NC.J) 00 TO 7 .VA 35
36 4 X~mAIS(CASJ*CAI(ZPR)4.SAIJOSAB(IPR)4.SALPJSSALP(IPR)) vo 36
37 IF (XI.LT-O0,960999) 00 70 7 VA' 37
35 IF GOsu(PR/-..¶,,-)0 TO~ 7 WH 30
30 b INDi*O VW# 39
40 Go0T03 WA 40
41 6 INOi1 WVM 41
42 Got6 WA' V 42
43 Y 1N0¶u2 WA' 43
44 B ZPRmICON2(J) VW. 44
45 IF (IPR) 9,14,10 W# 45
46 9 IPR=-IPR WA' 46
47 IF (-ICON2(IPR).NL..i) GO TO 15 WW 47
43 00 TO 12 W.V 48
49 10 IF (IPR.NE.J) GO TO 11 WW 49
so IF (CABJ*CABJ+SABJ*SA9JGT~i r-8) GQ TO 15 ON' 50
51 00 TO 13 MY' 51
52 11 IF (ICONI(IPR).NE.J) GO TO 15 WA' 52
53 12 XIuASS(CAIJSCAB(IPfR)+SA9J'SAB(IPR)+SALPJS$ALP(ZPR)) W.V 53
54 Ir (XI.LT.0.999999) 00 TO 15 W.V 54
55 IF (ASe(P)8¶O..-)00 TO 15 o. ý5
56 13 IND2uO w.V 56
57 00 TO 16 YM 57
58 14 IN02=1 YM 58
50 GO 10 16 WA' 59
s0 15 INO2z2 WK' 6O
61 16 CONTINUE WA' 61
02 C WA' 62
63 C OBSERVATION LOOP WN 63
64 C W.V 64
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Is IPROO ww 65
66 DO 23 Imli.12 ww 66
67 IP~uIPRt+I WM 67
Is IjuI-j VAN 68

70 Y~uY (I) w 70
71 21.2(1) VAY 71

73 CAUI.CABýZ) ON 7
74 SAlUSAl Z) W 74
75 SALPINSALP(I) WN 75
76 CALL EPLO (XI,YI,2IAIIJ) "N 76
77 ItgKOEKCARM.YNOSA11+9ZKOIALPZ WN 77

79 9TCmEXC*ASIMYCOSAII4EZCSALPS WIN 73

61 C TIZLL MATRIX CLEMENTS. ELEMENT LOCATIONS 0EYCRUNE1D BY CONN;TZONW W
32 C. DATA. WY 62

zr I (ITRP.NE.0)00TM 6

a5 C NORMAL FILL WN as
of DO 17 IJml,JSNO ww Is
a? JXEJCO(Zj) WN 87
66 17 CM(IPRJX~uCM(IPRJX).ETKSAX(IJ)+ETSSIX(IJ)4.ETC*CX(IJ) WN as
It Go TOis WA' as
9O I6 IF (ITRP.CQ.2) 00 TO 20 WN 00
$1 C TRANSPOSED fILL wA'91
92 DO It IJmi,JSNO %% 92

93 JNC)( WW 93
03 i CU(JXAZPR).CM(JX. IPR).ETI(AX(IJ)+ETS'IX(IJ)4ETC*CX(IJ) WN @4
is 400TO23 WN 05
t5 C TRANS, FILL FOR C(WN) - TEST FOR ELLEMENTS FOR D(W)PAIMC. (wCW) WN9
97 20 D0 22 IJUI,JSN0 %WA 07
98 JXNJCO(zJ) W"'O
go If (JX.GY1NR) GO TO 21 WA'9
too CM(JXIPR).Chi(JX,?PR)+E~TK*AX(tJ).ETS*IX(IJ)+ITCSCX(IJ) W.V 100
101 00 To 22 Wi' 101
102 21 JXmJX-NA WN 102
103 CW(JX.IPR).CW(JX,ZPR).ETK'AX(IJ)+ETSOIX(lJ)4ETCSCX(IJ) ~ W 103
104 22 CONTINUE WA' 104
105 23 CONTINUE WA' 105
106 RETURN WA' 106
107 END W'107-
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CONECT

PURPOSE
To locate segment ends that contact each other or contact the center of

a surface patch.

METHOD

The ends of each segment are identified as end 1 and end 2, defined

during geometry input. The connection data for segment I is stored In array

variables ICONi (I) for end 1 and ICON2 (1) for end 2.

Four conditions are possible at each segment end: (1).no connection (a

free end), (2) connection to one or more other segments, (3) connection to a

ground plane, or (4) connection to a surface modeled with patches. These

conditions are indicated in the following way for end 1 of sepent I:

(1) no connection .... , , . . , . . , . , ICONI (I) a 0

(2) connection to segment J .. ... . , . . ICON1 (I) w tJ

(3) connection to a ground plane . . . .t . ICON1 (I) * I

(4) connection to patch K , , , , . , . , . . ICON1 (1) = 10000 + k

In case 2, if segment J has the same reference direction as segment I (end 2

of segimenL J connected to and 1 of segment 1), the sign is positive. For

opposed reference directions (end 1 to end 1) the sign is negative. If several

segments connect to end 1 of segment 1, then J is the number of the next

connected segment in sequence.

If segment I connects to patch K, the segment end must coincide with the

patch center. Patch K is then divided into four patches numbered K through

K + 3 by a call to subroutine SUBPH.

The connection data is illustrated in the following listing for the six

segments in the structure in figure 3.

ICON1 (I) I ICON2 (I)

1o000 + K 1 2

1 2 3

4 3 0

0 4 -5
0 5 6
2 0
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/4

Figure 3. Structure for Illustrating
Segment Connection Data@

Connections between patches are not checkad, siqcep except where a wire

connects to a surfacel the current expansion function on a patch does not

extend beyond that patch.

CODING

CN16 - CN21 Initialize and adjust symmetry conditions if necessary

when ground is present.

CNLO - CN6 Check whether end 1 of segment I is below ground plane

(error) or contacting ground plane. If the separation of

the segment end and the ground is lees than SMIN multiplied

by the segment length, ICONi is set to I and the z coor-

dinate of the segment end to set to exactly sero,

CNL9 - CN6n Check other segments from I + 1 through M and then 1

through I - 1, unitil a connected end is found. The

separation of segment ends is determined by the sum of the

separations in x, y, and z to save time.

-72-



CONECT

CN95 - CN126 Search for segments connected to patches. Only new

patches (not NGF) are checked. If a connection is found

the patch is dividild into four patches at its present

location in the dat& arrays and patches following it are

shifted up by three locations. This is done by calling

SUJPH, an entry point of subroutine PATCH.

ON129 CN162 Search for neo segments connected to NG? patches. If a

connection is found four patbhes, covering the area of

the original patch, are added to the end of the data

arrays by calling SUBPH, The original patch retains its

location but the a coordinate at its center is changed to

10000.

CN182 - CN258 The loop through 44 locates segments connected tn

junctions.

CN183 - CNl90 Parameters are initialized to find all segments connected

to first end of segment J.

CNI91 - CN215 Connected segments are located. if the number of any

connected segment is less than J the loop is exited at

CN200. Thus each junction is processed only once.4 CN216 - CN230 The connected ends are set to the average of their

previous values to ensure that they have identical values.

CN232 - CN244 If the junction includes new segments (NSPLG 0 1) and I.X

is a NGF segment an equation number, NSCOH, is assigned

for the modified basis function of segment IX. The

equation number is stored in array ICONX and the segment

number is scored in ISCON.

CN245 - CN247 Segment numbers are printed for junctions of three or

more segments.

Ct248 - CN257 The loop is initialized for the second end of segment J

and the steps from CN191 on are repeated.

CN262 - CN275 Equation numbers for modified basis functions are

assigned for old segments that connect to new patches.

SYM.BOL DICTIONARY

TGND I to adjust sywmmecry for ground and set ICON (I)

"I; -1 to adjust symmetry only; 0 for no ground
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CONECT maximum number of segmants connected to a junction

NP14AX a maximum number of NGF patches coufnecting to new

segments

NWLU * 1. if the junction includes any new segments vihn N(OW

is in use
NSKAX 0 maximum number of Nor sagme8ts connecting to new

segment s

SEP 0 approximate separation of egmenlt ends

SUI - maximum separation allowed for conniction

SMIN 0 maximum separation as a ftraction of segment length

Xl1

Y1ii " coordinates of end I of segment

zil I
X121a
Y12 c coordinates of end 2 of segment

Z12J

YS c coordinates of patch center

CONS'rAN T

I.£-3 - maximium separation tolerance for connected segments

as fraction of segment length.
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i SUBROUTINE CONECT (laND) CN I

3 C CONNECT SETS UP SEGMENT CONNECTION DATA IN ARRAYS ICONI AND ICON2 CN 3
4 C BY SEARCHING FOR SEGMENT ENDS THAT ARE IN CONTACT. CN 4

G COMMON /DATA/ LDNlN2,NNP.MiM2.MMPX(30Q) 'Y(300) I Z30)5SI(300 CN

a 2300),LMIS C 5
9 COMMON /SEGJ/ AX(30).9X(30).CX(30),JCO(30),JSNOISCON(50),NSCON.IP CN 9

10 icow(1O),NPCON CN 10
11 DIMENSION X2(1)0 Y2(1). Z2(1) ON 11
12 tOUIVALENCE (X2,51). (Y2,ALP), (Z2IET) CN 12
13 DATA JMAX/30/,SMIN/I.C-3/,NSMAX/5O/,NNUAX/1O/ CN 13
14 NSCONwO CN 14
Is NPCONwO CN 15
is IF" (ZONOSEQO) 00 TO 3 CN 16
17 PRINT 54 ON 17
Is IF (zONoG0o) PRINT 53 CN IS
19 IF (ZPSYM.NE.2) 00 T0 1 CN 19
20 NPU2*NP CN 20
21 MPm2$MP CN 21
22 1 IF (IAIS(ZPSYM).LE-2) GO TO 2 CN 22
23 NPmN CN 23
24 MPO4 CN 24
25 2 IF" (NP,GT.N) STOP CN 25
20 IF (NFP.EQ.N.AND-MP-EQ-M) IPSYMxuO CN 26
27 3 IF" (N.COO) 00 TO 26 CN 27
28 DO 15 Im1,N CN 28
29 ICONX(I)NO CN 29
30 xIlux(l) CtN 30
31 Yllxy(I) ON 31
32 ZliaZ(I) CN 32
33 X120X2(1) CN 33
34 Y120Y2(1) CN 34S35 ZI2rZ2(I) CN 35
36 SLEN=SORT((XI2-XI1)S*2s.(YI2-YI1)**2.(ZI2-Zl1)'S2)*SMIN CN 30
37 C CN 37
38 C DETERMINE CONNECTION DATA FOR END I Of SEGMENT. CN 38
.32 C CN 39
40 IF (IONLT~i) 0O 0 TO5 CN 40

41 IF (ZI' OT.-SLEN) 00 TO 4 CN 41
42 PRINT 56, 1 CM 42
A3 STOP CN 43
44 4 IF (Z11,.GSLEN) 00 TO 5 CN 44
45 ICONI(I)el CM 45
46 Z(I)=0. CN 46
47 00CT09 CM 47
48 5 ICE-I CM 48
49 00 7 J=2,N CN 49
50 IC=IC*l CM 50

51 IF (ICOGiN) ICul CM 51
52 SEP=A9S(XI1-X(IC))+ABS(Yi-Y(IC)).ABS(ZII-?(IC)) CN 52
53 IF (SEP.0? SLEN) 0O TO 6 CM 53
54 IC0N1(I)=-IC CN 54
55 00 TO a CN 55
56 6 SCP=ABS(XII-X2(IC)).4A6S(YII-Y2(tC))+AOS(ZI¶-22(IC)) CN 56
57 IF (SEP ,GTSLEN) 00 TO 7 Co 57
58 ICONI(I)=IC CM 58
59 GO 1O 6 CM 59
60 7 CONTINUE CM 60
61 IF (I.LT.N2.AND.ICONi(I).GT.10000) 00 TO 8 CM 61
62 1104111 ) = CN 62
63 C O.N 63
6A C DETERMINE CONNECTION DATA FOR END 2 OF SEGMENT. CM 64
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Is C CM 65
s6 I If (IONOLT.11) 00 TO 12 ON 66
67 1 IF (212.GT.-SLIN) 00 TO 10 CN 67
66 PRINT $6, 1 CN Gogo stop ON It
70 10 IF (222.13T*SLN) co t0 12 CN 70
71 :F (ICON1(i).WEI) 00 TO It CN 71
72 PPINT 57. 1 ON 72
71 STOP CN 73
74 i1 ICOtd2I).I CM 74
75 Zt(2)uo. ON 75
76 0001 OoI N 76
17 12 1042 ONI 77-
76' 00 14 482,N CN 75
79 10.10.1 ON 79
t0 If (I.07.N) lout Cm s0
61 $tPaA3S(XI2.)c(IO)).AIS(YI2..Y(zC))g.AgS(ZAz-z(ZC)) ON $11
62 IF (sEp 0T.$LCN) 00 YO 11 ON 62
63 ICON2(:iuIC CN 63
64 00 T015 CN 64
65 13 StPnA6I(XI2..X2(ZC))eA65(Y12-Y2(2C)).A3S(2I2-22(IC)) ON 85
as IF (SEPOCT.LCN) 00 TO 14 ON 66
67 ICON2Z()w-IC CN 67
68 0001 ToION so
89 14 CONTINUE ON 69
go IF (z.LT.N2.ANO.zCON2(z).0T.loooo) 00 TO 15 ON 9C
91 IC0N2(1)wO CN Ill
12 15 CONTINUE CN 92
03 IF (M.I0.0) 00 TO 20 CN 93
14 C riNo WIRE-SURFACt CONNECTIONS FOR NEW PATCH[$ ON 14
15 ImLD+1-MI CM 95
96 IWM2 CN 06
97 Is Ir (z.GT.bi) 00 TO 20 CN 97
96 IXm2X-l CM 0S

100 YZ Y IX) CN 100

101 ZsmZ(IX) CM 101
102 0O 16 1SE'2m1 1  CM 102
103 XZIIX(zSEo) CN 103
104 YZlaY(IsEC) ON 104
105 ZZIIZ(15C0) CN 105
106 XI2mX2(ZSEG) CM 106
107 Y12wY2(IS[0) CN 107
¶08 Z12.Z2(ISEG) CM 108
¶09 SLENu(AIS(X12-Xli)+ABS(YI2-Yi)+ASS(ZI2-Zi))OSMIN CM 109
110 C FOR FIRST END OF SEGMENT CN III0
III SEPuAIS(XII-XS)4.ABS(YII-YS)+ASS(ZII-ZS) CM III
112 IF (S[PGT.SLEN) 00 TO 17 CM 112
113 C CONNECTION - DIVIDE PATCH INTO 4 PATCHES AT PRESENT ARRAY LOC. CM 113
114 ICONI(ISEG)wI0000+I CM 114
115 ICOC CM 115
118 CALL SUBPH (I.ZCKIIYtiIZli.XI2.Y12.Z12,XAYAZA,XS.YSZS) CM 118
117 00OTO 19 CM III
118 17 SCPsAIS(X12-XS)4.AIS(YZ2-YS)+ASS(ZI2-Z5) CM 118
fig IF (5CP.0T.SLEN) 00 TO 18 CM lit
120 ICQN2(I5C0)mlOOOO+I CM 120
121 ICO0 CM 121
122 CALL SUIPH (I.ZCXI1,Yli,ZII.X12,Y12.Z12,XAYA.ZAXS.YSZS) CM 122
123 00 TO 19 CM 123
124 18 CONTINUE CM 124
125 10 1.1+1 CM 125
128 00 TO 16 CM 126
127 C REPEAT SEARCH FOR NEW SEGMENTS CONNECTED TO NOF PATCHES. CM 127
128 20 IF (MI.E0.00112.0T.N) 00 TO 26 CM 128
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129 IXwLO41 CN 129
130 I.1 CN 130
131 21 If (!.GT.MI) GO TO 25 ON 131
132 ZXu1X-I CN 132

133 XSwx(iX) CN 133

134 YZsuy(ISC) CN 134
135 ZZIEZ(zSE) CN 135

140 X12mX2(ISRO) ON 140
141 Y12wY2(ISEQ) ON 1W
142 Z12-%Z2(ISEQ) CN 142
143 ILENm(ABS(XZ2-X~l)+AIS(YI2-Yll)4.A3S(ZI2-Zli))OSMZN ON 14
144 1EPm BS(XZ1-XS)+A1S(YZ1-Y1)+AIS(2II-ZS) ON 144
145 IF (SEP.GT.5LEN) 00 TO 22 ON 145
146 ICONI(Is[O)3100014Q ON 146
147 lCNt CN 147
148 NPCONmNPCON+I ON 46
149 IPCON(NPCON)uI CN 149
150 CALL SUIPH (24IC,X21,Y1I,2Z1,X!2.Y22,Z12.XA,YA,ZA,XS,YSZS) ON 150
151 fl0 TO 24 CN 151
152 22 SEPEAIS(X12-XS)4.ABS(YZ2-YS)+ABS(ZZ2-ZS) ON 152
153 IF (SEP.OT.SLEN) 00 TO 23 CNM 5
154 1CON2(ISEO).10001444 CN 154
155 NMI1 ON 155
156 NPCONwNPCON+I CN 156
157 IPCON(NPCON)mI ON W5
158 CALL SUBPH (I,IC,XI1,YZ1,ZI1,.XZ2,YZ2,ZZ2,XA,YA,ZAXS,YS,ZS) CN 165
IS9 00 TO 24 ON 159
I60 23 CONTINUE CN 160
161 24 :x1+I ON 161
162 00 TO 21 CN 162
163 25 1P (NPCON-LE.NPMAX) 00 TO 26 CN 163
164 PRINT 62. NPMAX ON 164
165 STOP CN i6b
166 26 PRINT 58, N,NPIPSYN4 ON 168
167 IF (MCT.O) PRINT 61, MMP CN 167
iII ISE~z(N*M)/(NP+MP) ON 166
169 IF (ISEG.EQI) 00 TO 30 CN IGO
170 IF (IPSYM) 28.27,29 CN 170
171 27 Slop CN 1,71
172 28 PRINT 59, ISEG ON 172
173 00 TO 30 ON 173
174 29 ICuISEO/2 CN 174
175 IF (ISEG.EOB) ICK3 CN 175
176 PRINT 6O, Ic CM 175
177 30 IF (N.ECOO) 00 TO 48 CN 177
178 PRINT 50 ON i~b
179 ISEGmO ON 179
180 C ADJUST CONNECTED StO. ENDS TO EXACTLY COINCIDE. PRINT JUNCTIONS CN 180
181 C Or 3 OR MORE SEG. ALSO FIND OLD SEG. CONNECTING TO NEW 510, CN 181
182 DO 44 Ju1,N CN 182
183 ItND=-1 ON 183
184 JEND-1 ON 184
185 IXxICONI(J) CN 185
¶86 IC1 C's 1 N a1a
187 JCO(1 )=-J CN 187
168 XA:X(J) CN 188
189 YA-Y(J) CM ¶82
190 ZA=Z(J) CN 190
191 SI IF (I*ECO,) G0 TO 43 CM 191
192 Ir (IX.EO.J) GO TO 43 CM 192
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133 IF (zX.oT.10000) 00 TO 43 ONM 3
104 NSrLOwo CNi 194
¶05 32 IF (IX) 33.49.34 CN 195
196 33 I~w-IX CN 196
190 34 TO~-JM C5MO 106
198 3 0 TOD-EN 3ON 198
199 35 IF (UX.EQ.J) 00 TO 37 CM 109
200 IF (IX.LT.J) 00 TO 43 CN 200
201 ICwIC+1 CM 201
202 If (ZC.OT.JMAX) 00 TO 49 CM 202
203 JC0(IC).IX*JEMD CM 203
24 IF (ZX.CT.Ni) NSFLONt CM 204

205 IF (JEND.EQ.I) 00 TO 36 CM 205
206 XAWXA+X(IX) CN 206
207 YAmYA+Y(IX) CN 207
206 ZA:ZAl.Z(IX) CN 206
209 Zx ICOMI(IX) CM 209

21C0 TO 32 CN 210
211 36 XABXAeX2(iX) CM 211
212 YANYAsY2(IX) CM 212
213 ZAuZA4Z2(ZX) CM 213
214 ZXRZCON2(IX) CN 214
215 00 TO 32 CN 215
216 37 SEPOIC CNM26
217 XAmXA/SEP CM 217
216 YAUYA/SEP CM 216
21f ZANZA/SEP ON 213
220 DO 39 Iw1,ZC OM 220
221 IXEJCO(I) CM 221
222 IF (IX.OT.0) 00 TO 33 ON 222
223 IXIN-IX ON 223
224 X(IX)BXA CM 224
225 Y(IX).YA CN 225
226 Z(IX)wZA CM 226
227 00 TO 30 CM 227
228 38 X2(ZX)uxk CM 226
229 Y2(TX)EYA ON 229
230 Z2(?X)mZA CM 230
231 39 CONTINUE CM 231
232 If (NI.CQ.O) 00 TO 42 CN 232
233 IF (NSFLO.EQO0) 00 TO 42 CN 233
234 D0 41 lI=14C CM 234
235 IXeIAUS(JC0(I)) CM 235
236 IF (7X.OTINI) 00 TO 4l CM 236
237 If (ICONX(IX)MNE.O) 00 TO 41 CN 237
238 NSCO~m.SCON41 CM 235
239 IF (NSCON.LE.NSMAX) GO TO 40 CN 239
240 PRINT 62, NSMAX CM 240
241 STOP CN 241
242 40 ISCON(NSCON)xIE CN 242
243 ICONX(lx)mNSCON CN 243
244 41 CONTINUE CN 244
245 42 IF (IC.LT.3) 00' TO 43 CM 245
246 ISC~aIbEGeI CM 246
247 PRINT 51, ISEG.(JCO(I),3utIC) ON 247
245 43 IF (IENDEQI) 00 TO 44 CM 245
249 ZEN~wl CN 249
4.50 JENO=1 CN 250
251 IXvICON2(J) CN 2ý1
252 ICal CM 252
253 JcO(I)=J CM 253
254 XAxX2(J) CN 254
255 YA0z2(J) CN 255
258 ZAZ2(J) CN 256
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257 GO TO 31 CN 257
258 44 CONTINUE CN 258
259 IF (ISEG.EO.O) PRINT 52 CN 259
260 11 (NI.LIO.,OR,MOOO,M) GO TO 45 CN 260261 C FIND OLD SEGMENTS THAT CONNECT TO NEW PATCHES CN 201

262 00 47 J00.N0 CN 262
263 4 XrICONI(J) CN 263
264 Ir (XX.LT.10000) GO TO 47 CN 264
265 IXXX-I0000 CN 265
270 IF (XX.GT.M2) 00 TO 47 CN 266
267 46 IXm(CON2(J) CN 271
268 IF (IX.LT.1O00O) 00 TO 47 CN 248
269 IXuIX-lOOOO CN 269
270 IF (IX.LT.M2) 00 TO 47 CN 270
271 46 Ir (ICONX(J).NE.O) 00 TO 47 CN 271
272 NSCONuNSCON+I CN 272
273 ISCON(NSCON)-J CN 273
274 XCONX(J)*NSCON CN 274
275 47 CONTINUE CN 275
276 48 CONTINUE CN 276
277 RETURN CN 277
678 49 PRINT A, IX CN 278

279 STOP CN 270
260 C CN 280
251 50 FORMAT (//,OX,27H- MULTIPLE WIRE JUNCTIONS -,/,IXMHJUNCTION,4X,36 CN 281
202 IHSEGMENTS (- FOR END 1, + FOR END 2)) CN 282
263 51 FORMAT (1X,XSX.,20o5,/,(llX,20OS)) CN 253
284 52 FORMAT (2X,4HNONE) CN 284
285 53 FORMAT (47H CONNECT - SEGMENT CONNECTION ERROR FOR SEOMENT,1S) CN 285
286 54 FORMAT (/,IX,23HGROUND PLANE SPECIFIED.) CN 266
287 55 FORMAT (/,3X.46HWHER[ WIRE ENDS TOUCH GROUND, CURRENT WILL PE ,38K CN 287
288 INTERPOLATED TO IMAGE IN GROUND PLANE../) CN 288
289 56 FORMAT (304 GEOMETRY DATA ERROR- SCOMENT.Z5.21H EXTENDS BELOW ORO CN 289

290 lUND) CN 290
291 57 FORMAT (29H GEOMETRY DATA ERROR-SEGMENT.15,16H LIES IN GROUND .6H CN 291
202 IPLANC.) CN 292
203 58 FORMAT (/,3X.20HTOTAL SEGMENTS USEDaS.5,5X,12HNO. SEG. IN ,17HA SY CN 293
294 !M4ETRIC CELL=.IS,SX,14HSYMMETRY FLAGO.,3) CN 294
295 '9 FOIMAT (14H STRUCTURE HAS,14,25H FOLD ROTATIONAL SYMMETRY,/) CN 295
296 60 FORMAT (14H STRUCTURE HAS,12,t9H PLANES OF SYMMETRY,/) CN 216
297 61 FORMAT (3X.19HTOTAL PATCHES USEDm.,5,SX,32HNO. PATCHES IN A SYMMET CN 297
298 IRIC CELL=.I5) CN 298
299 62 FORMAT (62H ERROR - PO. NEW SEGMENTS CONNECTED TO N.G.F. SEGMLNTSO CN 299
300 IR PATCHES EXCEEOS LIMIT OF.IS) CN 300
301 END CN 301-
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COUPLE

PURPOSE

To compute the maximum coupling between pairs of se1eMntf.

HETHIOD

If a coupling calculation has been requested (CP card) eAbroutine COUPLE

is called each time that the current is cmsputed for a sav excitation. The

code from CPLO to CP12 checks that the excitatiom is a single applied-field

voltage source on the segment specified in VCTAG and NC01. It the excitation

is correct the input admittance and mutual admittances to all other eeXments

specified in NCTAG and VCSZO are stored in YVlA and Y12A from CP13 to CP22.

When all segments havw been excited (IODUP a WCOUP) the second part of

the code, from CP24 to CP58 is executed to evaluate the equations in Section

V.6 of Part 1.

"SYMBOL DICTIONARY

C w L (see Part 1, Section V.6)

CUR a array of values of current at the centers of segment@

DBC - 10 log(GMAX)
GMAX a G - AX

ISG1 a segment number

1SG2 a segment number

J]. a index of Y1 2 in array Y12A

J7 - index of Y21 in array Y12A

K = segmenL number

RHO w p

WLAM w wavealenth
YI.1 U

Y12 = (Y12 + Y 2d/2

Y22 w Y22

YIN 0 ¥IN

ININ

LL - NYL
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I SUBROUTINE COUPLE (CUR.WLAM) CP 1

2 C CP 2
3 C COUPLE COMPUITES THE lMAXIMUM COUPLING BIETWEN PAIRS 01 SEGMENTS, Cr I
4 C CP 4S5 COMPLEX Y1iAY12ACU)RY11,Y12,Y22,YL.YZMZL,ZZN.RHOVQDVSANt,vQDS CP 5
a COMMON /YPARM/ NCOUP,ICOUPNCTAO(5).NýCIEO(5),YI1A(5),YI2A(20) oP 6
7 COM4MON /VSORC/ VQD(3O),VSANT(3O),VQDS(3O),IVQO(3O)4ISANT(3)O),I0S( CP 7
a I 30),NVQD.NSANt,NOflS OP a
0 DIMENSION CUR(1) CP 9

to IF (N5ANTNf.I.OR.NVQD.NC.O) RETURN CP 10
11 JmISCGNO(NCTAG(ICOUP+1),NCStG(ICOUP.1)) - CP 11
12 IF (J.Nt.%SAHT(l)) RETUON OP 12
13 I(cOUPxICOUP+l CP 13
14 ZINsYSANT(l) OP 14
15 YI IA(ICOUP)mCUR(J)*WLAM/ZIN OP 15
1$ LIM(ICOUP-I)O(NCOUP-1) OP 16
17 DO I 1.1 INCOUP Cr 17
Is Ir (I.EO.ICOUr) GO TO i OP Is
19 KuZSEQNO(NCTA0(I),NCSEO(I)) OP 19
20 LluLl~l OP 20
21 Y12A(Ll)mCUR(K)*WLAM/ZIN OP 21
22 1 CONTINUE CP 22
23 IF (ICOUP.LT.NCOUP) RETURN CP 23
24 PRINT 6 CP 24
25 NPh4I=NCUUP-1 OP 25
26 D0 5 1.1 ,NPMi OP 26
27 IlTTiNCTAO(I) OP 27
28 ITSiaNCSEC(I) OP 28
29 ISG1=ISEGNO(ITT1 ,ITSI) OP 29
30 LlwI*1 CP 30
31 DO 5 J=LlI.NCOUP OP 31
32 ITT2=NCTAG(J) OP 32
33 ITS2zNCSCO(J) OP 33
34 1S02aISEONO(17T2,17S2) CP 34
35 JlwJ+(I-1 )'NPMi-l OP 35
36 J2wI4(J-1)ONPM1 OP 36
37 YlI.Yl¶A(I) Cr 37
38 Y22zY11A(J) OP 38
39 Y12=.56(Y12A(JI )+Yl2A(J2)) OP 39
40 YINzY12 0Y12 CP 40
41 DBCUCABS(YIN) OP 41
42 C=DBC/(2..REAL(Y11)'REAL(Y22)-REAL(YIN)) OP 42
43 IF (C.LT,0. *OPOC.T.1.) 00 TO 4 CP 43
44 IF (O.LT .01) GO TO 2 CP 4A
45 GMAXz(1.-SORT(i.-0*C))/C cp 45
A6 GO TOS 3OP 46
47 2 GMAX=,54(C+.25*C6C0 C) OP 47
48 3 RHOnGMAX*CONJG(YIN)/DSC OP 48
A9 YL:( (I *-RHO)/( I.'.RHO)+l )ORCAL<Y22)',Y22 OP 49
50 ZLm1 */YL OP so
51 YIN=YI I-YIN/('f22+Yt ) or F,
51, ZXN=1 */YIN OP 52
53 DOCnOS1O(GMAX) OP 51
54 PRINT 7, ITTI ,ITSI ISGI *ITT2,32TS2,ISC2.DBCZL.IIN cp 1.14
55 GO TOS 5cF 55
56 4 PRINT 8, ITTI *ITS1 ISGl ,IT72,17S2,1SG2.O OP Nis
57 5 CONTINUE ~r 57
be RETURN CF 58
5p C CP so
60 a FORMAT (,//,.36X,26H- - - ISOLATION DATA - ,- ,//,&X,24*4- - COUPLIN CP 60
61 IG BETWEEN --.8X",7NMAXIMUM.15,X,32HN,* , FOR WAXIMUM COUPLINO - - - OP 61,
62 2,/,12X,4HSEG. ,¶4X,4HSEG. ,3X,8HCOUPLINO,4X,2SHLOAJ IMPEDANCE (2ND S Op 62
63 3E0+)7X,1SHINPUT IMAPEOANCE,/,2X.8MHTAO/SEO.,,X,JNNO,,4XIOHTAG/1SG., cF r 354 43X,3HN4O.,,4H(DB),8X,4HREAL.9XZHIMAG.,9X.4HRCAL,3X,3NZMiAG.) CP 64



COUPLE
65 7 VORMATr (2(lX.14,lX,14.IXI5.2X).rI.3.2X,2(2X.C12.S,1XE1ZB5)) cP 6s
66 8 FORMAl (2(IX,14,IX,4I4,1X,5,2X)dSN**CRROR"s COUPLING IS NOT GETWEC CP 66
67 IN 0 AND 1. (=.CI2.4IHN)) CP 67
68 END CP65-
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DATACN
LATAGN

"S PUKFOsh
To read structure input data and set segment and patch data.

MITHOU

The main READ statement is at DA35. The READ statement at DA65 is for

the continuation of wire data (GO card following G•), and the READ at DA133 is

for the continuation of surface patch date (SC following SP or Sz').

The first input parameter GH determines the function of the card as

indicated in the following tablea

GH GO TO FUNCTION

GA 8 define wire arc

GC c continuation of wire data

GE 29 end of geometry data

GF 27 read NGF file

GH 26 rotate or translate structure

GR 19 rotate about Z axis (symmetry)

GS 21 scale structure

GW 3 define straight wire

Gx 18 reflect in coordinate planes (symmetry)

9C 10 continuation of patch data

SM 13 define multiple surface patches

SP 9 define surface patch

The functions of the other input parameters depend on the type of data

card and can be determined from the data card descriptions in Part III of this

manual.

Subroutines are called to perform many of the operations requested by

the data cards. Coding in DATAGN perform@ other operations, prints

information and checks for input errors. After a GE card is read subroutine

CON6CT is called at DA21I to find electrical connections of segments. Segment

and patch data is printed from DA217 to DA256. Line DA241 tests for segmentg

of zero length (<10-20) or zero radius (<10"10)
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DATAGN
SYMBOL DICTIONARY

Variables have multiple uses which depend on the type of input card

geing processed.

e

-84-



DATAGN

I SUBROUTINE DATAON DA 1
2 C DA 2
3 C CATAGN IS THE MAIN ROUTINE FOR INPUT OF GEOMETRY DATA. DA 3
4 C DA 4

5 INTEGER GMW,ATST DA 5
6 COMMON /DATA/ LON1,N2,N,NP,MiM2,M,MP.X(300),Y(300),Z(300),SZ(300 CA S
7 1).I!(300).ALP(300),IET(300),ICONI(300),ZCON2(300).ZTAO(300),ZCONX( CA 7
B 2300) ,WLAM,IPSYM DA 6

9 COMMON /ANGL/ SALP(300) DA 9
io DIMENSION X201), 'r2(l), 22(l), TIx(t)f Tiy(f), T1Z(i): 72X( 1), T2Y CA 10
il l(l), T2z(I). ATST(12), ZFX(2), iry(2), irz(2), CAu(i), SA m.) IPT DA 11
12 2(4) CDA 12
13 EQUIVALENCE (TIX.SI). (TiY.ALP). (TIZ,IET), (T2X,ICON¶), (T2Y,ZCON CA 13
14 12), (T2Z,ITAG), (X2,Sl), (Y2,ALP), (22,19T). (CASALP), (SA1lr) CA 14
Is DATA ATST/2HOW,2HOX,2HOR,2HGS,2H01,2140M,2HSP,2HSM,2N07.2NOA,2NSC,2 CA 15
16 INGOC CA 16
17 DATA IFX/IH IHMX/,ZFY/iH ,IHY,/.FZ/IH .114/ CA 17
is DATA TA/C.01745329252/,rO/57.20577951/.IPT/iHP,1NRIHT.lMQ/ DA 1S
19 IPSYhI.0 CA 19
20 PfWIRESO CA 20
21 NoC DA 21
22 NpuO OA 22
23 Mao DA 23
24 MPNO CA 24
25 NimO CA 25
26 N2mi CA 26
27 MIND CA 27
28 M2wl CA 28
29 2501.0 DA 29
30 IPHD&O DA 30
31 C DA 31
32 C READ GEOMETRY DATA CARD AND BRANCH TO SECTION FOR OPERATION DA 32
33 C REQUESTED DA 33
34 C CA 34
35 1 READ (5,42) OMITGONS,XWI.YWI,ZWiXW2,YW2,2W2,RAC CA 35
36 IF (N4.M.GT.LD) G0 10 37 CA 36
37 IF (GM, EO.ATST(9)) G0 TO 27 DA 37
38 IF (IPHO.EO.I) G0 TO 2 DA 38
39 PRINT 40 CA 39
40 PRINT 41 DA 40
41 IPHOUi CA 41
42 2 IF (GM.COATST(11)) GO TO 10 CA 42
43 ISCT.O DA 43
44 IF (GM.E0.ATST(1)) 00 TO 3 DA 44
45 Ir (GM.EO.ATST(2)) 00 TO 18 CA 45
46 IF (GM. EOATST(3)) 00 TO 19 CA 46
47 Ir (GM.EO.ATST(4)) GO TO 21 CA 47
4, IF (GM.EQ.ATS7(7)) 0O TO 9 DA 48
49 Ir (0MEQATST(8)) 00 TO 13 CA 49
50 IF (GM.EQ.ATST(5)) 00 TO 29 DA 50
51 IF (GM.EO.ATST(g)) 00 TO 26 DA 51
52 IF (GMEO.ATST(10)) Go TO 5 CA 52
53 0070 36 CA 53
54 C DA 54
55 c GENERATE SEGMENT DATA FOR STRAIGHT WIRE, CA 55
56C C A 56
57 3 I*WIRC=NWIRC#¶ DA 57
5B I1.N+l CA 58
59 l2uN+NS DA 59
s0 PRINT 43, NWIRC,XWI ,YWI ,ZWI XW2,YW2,ZW2,RAD,NSI1 ,12,ITO CA 60
51 IF (RAD.EO.O) 00 TO 4 CA Si
52 XSil.1 CA 62
63 YSIm.1 CA 63
64 00 TO 7 DA 64



DATAGN

65 4 READ (5,42) OM,IXSIY.KSi.YSI.ZS1 CA 85
66 IF (CM.Eo.AYSt(12)) 00 TO 6 CA 46
67 5 PRINT 45 DA 67
of STOP CA so
50 6 PRINT ai, XSII YBI ZSi CA 09
?a If (YS1.I0.0.OR4:St.EO.0) Go to I CA 70
71 RADmYSI CA 71
72 YI(S/S S( /N1) CA 72
73 7 CALL WIRE (XWI.YWiZWI,XW2,7W2,2W2,RADXS1.YStMST@0) CA 73
74 G TO I CA 74
75 C CA 75
76 C GENERATE SEGMENT DATA FOR WIRE ARC CA 76
77 C CA 77
7568 W#?Rfutf#IRE+1 DA 78
70 IlmNl DA 70
so 120N4NS CA 80
at PRINT 36, WAIRE,XWI.YWI,ZW¶,XW2,NSIi,I2,ITQ CA 611
12 CALL ARC (ITO,NS,XWI,7WI,ZWI,XW2) CA 62
US 00 TO1 CA 63
64 C CA 54
ma C GENERATE SINGLE NEW PATCH CA 85
US C DA 66
37 0 VOW4 CA 87
so NSuNS+1l CA 68
so IF (ITO.N1.0) 00 TO 17 CA S9
00 PRINT 51, li1IPT(NS),EWI.YWI.ZWI.XW2,vW2,ZW2 CA 00
01 IF (NS.tO.2.OR.NSEGQ.4) TUCTNI CA 01
02 IF (NS.OT.1) GO TO 14 CA 02
13 XW2*XW20TA CA 03
04 YW2uYW2$TA CA 04
05 Go ToIs CA 95
06 10 IF (ISCT.1O.O) 00 To 17 CA 06
07 I1wM+I CA 07
g6 NSmNS+I DA 06
of IF (ITO.NE.O) 00 TO I7 CA Of
100 IF (NS.NE.2.AND.NS.NE.4) GO TO 17 CA 100
101 XSImX4 CA 101
102 YSImY4 DA 102
103 ZSlmZ4 CA 103
104 X$23X3 DA 104
105 YS2sY3 CA 105
106 ZS2m23 CA 106
107 x3uXwl DA 107
too Y38y#1 DA 108
¶09 Z3wZWl DA 109
110 IF (NS.NE 4) GO TO 11 CA 110
III X4UXW2 DA ill
112 Y4uYW2 CA 112
113 Z4wZW2 CA 113
114 Il XWINXSI CA 114
115 Y4iuysl CA 115
lie ZWIRZSI CA 1l6
117 XW2.XS2 CA 1W
lie YW2mYS2 DA it$
I'll ZW2uZS2 DA 110
120 IF (NS.EO.4) 0O TO 12 DA 120
121 X4mXWI+X3-XW2 DA 121
122 Y4sYWI*Y3-YW2 DA 122
123 Z4m2W1.Z3-2W2 CA '123
124 12 PRINT I1, Z1,IPT(NS),KWIYWI,ZWi.XW2,YW2,1W2 CA 124
125 PRINT 39, X3,Y3,Z3.X4,Y4.Z4 CA 125
126 00 TO If DA 126
127 C CA ¶27
126 C GENERATE MUJLTIPLE-PATCH SURFACE CA 126
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¶29 C CA 129
ISO 13 1ld1 NM CA 130
131 PRINT 59, I1,IPT(2),XW1,'vWI,ZWI.XW2,'vW2,ZW2,!TOMS DA 131
12 IF (ITGO.LT.¶OR.NS.LT.¶) GO TO 17 DA 132
1314 READ (5.42) GM,IX,IY,X3,Y3.Z3,X4,Y4,Z4 DA 133

.134 If (NLNE.2'.ANC.tTd.LT.I) 00 TO 15 CA 134
135 X40X'WI+X3-XW2 DA 135
136 Y4svwl+Y3-YW2, DA ISO
137 Z4.ZWI+Z3-ZW2 DA 137
¶36 ¶1 PRINT 30, X3,Y3,k3,X4,Y,4,Z4 CA 136
139 IF 00.~.T~I1)G TO 17- DA 139
1A .10Al CALL PATCH Y~T .S, WI,w,T*1,XW2YW,2,ZW2.X3.Y.3,Z3,X4.,V4,24) CA 140
14t1 00 TO I Cý;"I A 141
142 '14 ,;PRINT GO CA 142
143 STOP~ D A 143
144 C DA 144
¶45 C RLCYIUCR ALONG X,Y, OR Z AXES OR ROTAYE To room CYLINDER. CA ¶45
146 C CDA 146
147 18 IY-pNS/¶O C A W4
146 INuNS-4y¶ol CA 148
149 !x"IY/lO DA 149
ISO IywIy-IX*IA+ CA 150
151 If (IX'NCO) 'Xu¶ CA 161
152 IV (IY.NE.O) IYwl DA 152
M5 IF (.C()Ilai DA 153
154 PRINT 44, IFX(IX+l),Ifyl'(Y4~),I!Z(Iz+t),XT0 CA 154
155 00 TO 20 CDA 155
156 19 PRINT 45, NSZTG DA 156
157 1XN-1 CA 11,9
¶58 20 CALL REPLC (1XIYZZ,1TG.NS) CA 158
¶59 00 TO I DA ¶59
IOU C CA 160
III C SCALE STRUCTURC DIMEN1Z0NS 1Y FACTOR XWI, DA 161
162 C DA 162
163 21 IF (NLTN2) 00 TO 23 CA 163
164 CO 22 IwN2,N CA 164
16 X(z)MX(I)$XWI CO, 165
1ee Y(I)zy(1)*XWl CA 166
167 Z(I)NZ(I)$XWI DA ¶67
166 X2(I)*X2(1)$XW¶ CA 168
169 Y2(l).Y2(I)6XWI DA 169
170 Z2CI)*Z2(1)*XWI CA 170
171 22 91(I)ffBI(1)*xWl CA 171
172 23 IF (M.LT.M2) GO TO 25 DA 172
173 YWI=XWIOXWI CA 173
174 IX=LD+i-M CA 174
175 IY=LD-M1 DA 175
176 CO 24 I=IXIY CA 170
177 X(I)NX(I)$XWl CA 177
178 Y(I)ftY(I)0XW1 CA 178
179 Z(z)sZ(z)*XW1 DA 179
160 24 B1(I)wsI(I)*YWI CA 160
111 25 PRINT 46, XWI CA 181
182 GO TO I CA ¶82
¶83 e CA 183
184 C MOVE STRUCTURE OR REPRODUCE ORIGI14AL STRUCTURE IN NE'W POSITIONS. CA ¶64
185 C CA 185
186 26 PRINT 47, ITONS,XWI ,YW¶ ,ZW¶ ,XW2,YW)2,ZW2.RAD CA 186
187 XW¶.XW1*TA CA 187
¶88 ýWlzYW1OTA CA 153
l8g ZWI=ZWI¶TA CA 18O
190 CALL MOVE (XW1 ,YWI ,ZWIXW2,YW2,ZW2,INt(RAC+.5),NSITO) DA 190
191 G0 TO I DA 191
¶92 C DA 192
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193 C READ NUMERICAL GREEN'S FUNCTION TýPE DA 193
194 C DA 104
195 27 IF (N4M.[.Q.O) 00 TO 49 CA 195
196 PRXNT 52 CA 196 S197 STOP D 9
198 28 CALL GFIL UTOG) CA 118
lot NPSAVmNP CA 199
200 MPSAVOMP CA 200
201 IPSAVUIPSYM CA 201
202 Go TOI DA 202
203 C CA 203
204 C TERMINATE STRUCTURE OfQMtTRY INPUT. CA 204
205 C CA 205
206-29 IHuN1,00 CA 206
207 It (IX.tQ.0) 00 TO 30 CA 207
206 NPU4 CA 208
209 WON CA 209
210 IPSYM.O CA 210
211 30 CALL CONECT (ITO) CA,211
212 IF (IX.CQ.0) 00 TO 31 CA 212
213 WP.NPSAV CA 213
214 MP.NIPSAV CA 214
215 IPSYM*IPSAV CA 215
216 31 IF (N+M.GT.LD) 00 TO 37 DA 21S
217 IF (N.EQO0) 00 TO 33- CA 217
2V8 PRINT 53 CA 21$
219 PRINT 54 IDA 219
220 CO 32 Za1 N CA 220
221 XW1 uE2(1)-E(7) CA 221
222 YWINY2(l)-Y(Z) CA 222
223 2'Wi.Z2(1)-Z(Z) DA 223
224 X(I)m(X(I)4.X2(I))*.5 DA 224
225 Y(1)m(Y(I)+Y2(I))*.S CA 225
226 Z(I)u(Z(X)+Z2(I))$.S CA 226 0
22' XW2sXWi*XWI4YWI*t#1+Z'#l*ZWI CA 227
22E YW2uS0RT(XW2) CA 226
229 YW2u(XW2/YW2+YW'2)0 .5 CA 229
230 SI(1)mYW2 CA 230
231 CAB(I)uXWI/YW2 CA 231
232 SAB(I)MYVVi/YW2 CA 232
233 XW2uZWi/YW2 CA 233
234 IF (XW2,GT.l,) XW2-I. DA 234
235 IF (XW2.LT.-1.) XW2u-l, CA 235
236 SALP(I)*XW2 CA 236
237 XW2.ASIN(XW2)*TD CA 237
238 'rW2nATGN2('rWl,XW1 )10 DA 238
239 PRINT 55, I.X(I),Y(I).Z(I).SI(I).XW2.YW2.gZ(l).ICON¶(Z),I,ICON2(l) DA 239
240 1,XTAG(r) DA 240
2A1 IF (S()O¶E2*NI~)0..-0)00 TO 32 CA 241
242 PRINT 56 CA 242
243 STOP CA 243
244 32 CONTINUEL CA 244
245 33 IF (MEQ.0) GO TO 35 CA 245
246 PRINT 57 CA 246
247 JwLO+t CA 247
248 DO 34 Iwl ,M CA 248
249 juj-1 DA 249
250 XWIu(T¶ Y(J)*T22(J)-TIZ(J)*T2Y(J))SOSALP(J) CA 250
251 Y~iu(TIZ(J)OT2X(J)-TIX(J)ST2Z(J))OSALP(J) DA 251
252 ZWlx(TI X( J )T2Y(J)-T1Y(J).12X(J))SSALP.(J) CA 252
253 PRINT 58, I.X(J).Y(J).2(J),EWlYw1,zw1.IZ(J),TlK(J),T1Y(J),T1Z(J). CA 253
254 1T2X(J),T2Y(J).T2Z(J) DA 254
255 34 CONTINUE 0CA 255

256 35 RETURN CA 256
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217 36 PRINT 48 DA 257
258 PRINT 49. OM,ITG.NS,XWI,YWlZW1,XW2,YW2,ZW2,RAD DA 258
259 STOP DA 259
260 37 PRINT 50 DA 260
261 STOP CA 261
262 C DA 262
263 38 FORMAT (iXI5,2X.12HARC RADIUS m,VI.5,2X.4HVROMFS.3.3H TO,F8-.6H DA 253
264 1 DEORECS,11X,Fl1.5,2X,15,4X,15,1K.15,)x,25) CA 264
255 39 FORMAT (6X,3rl11.lX,1,FiI.5) CA 265
266 40 FORMAT (////.33X.35H- - - STRUCTURE SPECIFICATION - - -,//,37X,2$H CA 256
267 iCOORDINATES MUST BE INPUT IN,/,37X.2SHMETERS ON BE SCALED TO METER DA 267
266 2S,/,37X,31HIElFORt STRUCTURE INPUT 1S CNCCCS//) CA 266
269 41 FORMAT (2X,41F#IRE,79X,6HNO. or,4X,SHFIRST,2X,4HLAST,5X,3HTAOI/,2X, DA 269
270 13HNO.,8X,2HXi,9X,2HYI,9X,2HZI,IOX,2HX2,9X,2HV2o9X,2HZI,$X,6HRADIUS CA 270
271 2,5X.4HSEO.,5X,4HSEO.,3X,4HSEG,,5KSHNO,) DA 271
272 42 FORMAT (A2,13,15.7FI0.5) DA 272
273 43 FORMAT (tX,I5,3rF1L5,ix,4r11.5,2X,I5,4X,15,IX,15,3X,15) CA 273
274 44 FORMAT (6X,34HSTRUCTURE REFLECTED ALONG THE AX1S3(I0X,AI),22H. TA CA 274
275 IOS INCREMENTED BY,15) DA 275
276 45 FORMAT (6X.3OHSTRUCTURE ROTATED ABOUT Z-AXIS,13,30H TIMES. LAULES CA 276
277 1 INCREMENTED *Y.15) CA 277
278 46 FORMAT (6X,26HSTRUCTURE SCALED DY FACTOR.V¶O.5) DA 278
279 47 FORMAT (OX.49HTHE STRUCTURE HAS SEEN MOVED, MOVE DATA CARD IS -/6K DA 279
280 1,13.15.7FI0.5) CA 260
281 46 FORMAT (25H GEOMETRY DATA CARD ERROR) CA 281
282 49 FORMAT (IX,A2,13,'I5,7F10.5) CA 282
283 50 FORMAT (69H NUMBER Or WIRE SEGMENTS AND SURFACE PATCHES EXCEEDS C1 CA 283
284 iMENSION LIMIT.) DA 284
265551 FORMAT (1X,15,A1,FIO.5,2FI1.5,1X,3Fi1.5) DA 285
286 52 FORMAT (4411 ERROR - OF MUST BE FIRST GEOMETRY DATA CARD) CA 2866
287 53 FORMAT (////33X.33H- - - - SEGMENTATION DATA - - - -,//,40X.2iHCOO CA 287
288 IRDINATES IN METERS.//.25X,50HI+ AND I- INDICATE THE SEGMENTS SEFOR CA 218
289 It AND AFTER I.//) CA 289
290 54 FORMAT (2X,4HSEG.,3X.2$HCOORDINATES Of SEG. CENTtR.SX.4HSEO,.SX.1i CA 290
291 iHORIENTATION ANOLES,4X,4HWIRE,4X,i5HCONNECTION OATA.3X,3HTAG./.2Y. CA 291
292 23HN0,,7X,,HX,9X,iHY,gX,IHZ,7X,6HILENOTH,5X,SHALPHA,5X,4HSETA,6X,5HR CA 292
293 3ADIUS,4X,2H1-,3X,IH?.SK.2H1+,4X,3HNO.) DA 293
294 55 FORMAT (lX,I5,4F10.5..1X,3F10.5,IX,315,2X,15) CA 294
295 56 FORMAT (igH SEGMENT DATA ERROR) CA 295
296 57 FORMAT (////,44X.30H- - - SURFACE PATCH DATA --- ,//,42X,2iHCO0RD CA 298
297 IINATES IN METERS,//,IXSHPATCH.5X,22HCOORD. OF PATCH CENTER,7X,I8H CA 297
298 2UNIT NORMAL VECIORSXSHPATCH,12X,34HCOMPONENTS OF UNIT TANGENT VE DA 29,8
299 3CTORS,/,2X,3HNO ,6X,IHX,gX,IHY,OX¶IHZ,9X,IHX,7XiHY,7X,IHZ,7X,4HAR CA 299
300 4EA,7X,2HX1EGX,2H1.416X,2HZI.7X.2HX2,6X,2HY2,6X,2HZ2) DA 300
301 be FORMAT (1X,14,SFIO05,iX,3F8.4,FIOS5,IX.3F5.4,IX,3F6.4) DA 301
302 59 FORMAT (lX,15,AI.FIO.S,2F11,5l,FIX3il.5,5X,9HSURFACE .-,14,3H UY,13 CA 302
303 1,8H~ PATCHES) CA 303
304 60 FORMAT (17H PATCH~ DATA ERROR) CA 304
305 61 FORMAT (gXA3HABOVE WIRE IS TAPERED. SEG. LENGTH RATIO m.F9.5./,3 CA 305
306 13X.IiHRADIUS FROM,F9.5,3H TO,ro.5) CA 306
307 END CA 307-
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DBIO

PURPOSE

To convert an input magnitude quantity (field) or magnitude squared

quantity (power) into decibels,

METHOD

For a squared quantity, the decibel conversion is

Qdb a 10 log10 Q2  (Q2 input)

and for an unequared quantity,

Qdb - 20 log10 Q

DB1O is used for the squared quantity while the entry DO2 is used for

the quantity which is not squared.

SYMBOL DICTIONARY
ALOGlO s external routine (log to the base 10)

DB1O a Qdb

F w scaling term

X - input quantity

CONSTANT
-999.99 a returned for an input less than 10-20

CODE LISTING

I FUNCTION D110 (x) 05 1
2 C Do 2
3 C rUNCTION DO- RETURNS Do rom MAONITUOI (rEEL9) OR MA06e2 (POWR) 1 01 3
4 C DI 4
5 ralO, Do 5
* 0O TO I Do 6
7 WNTRY 0320 DI 7
8 r2o. Do a
9 1 zr (C.LT.[J-20) 00 TO 2 DI 9

10 DIIOmFOALOGIO(X) Do 10
11 RETURN DO It
12 2 DNlOm-gg9.99 D0 12
13 RETURN DO 13
14 END Do 14-
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EFLD

To compute the near electric field due to constant, sine, and cosine

current distributions on a segment in free space or over ground.

METHOD

The electric field is computed at the point XI, Yll ZI due to the

segment defined by parameters in COKl4ON/DATAJ/, Either the thin wire or

extended thin wire formulas may be used. When a ground is present, the code

is executed twice in a loop. In the second pass, the field of the image of

the segment is computed, multiplied by the reflection coefficients, and added

to the direct field. The reflection coefficients for the reflected ray from

the center of the source segment are used for the entire segment.

The field is evaluated in a cylindrical coordinate system with the

source segment at the origin, along the a axis. The p coordinate of the

field evaluation point is computed for the surface of the observation segment

as

OP, - (P2 + a2)1/2

where p is the distance from the axis of the source segment to (XI, YI, ZI)

and a is the radius of the observation segment. The field is computed in p

and z components as

f - E P(PIP') +' E z

Use of p' avoids a singularity when (XI, YI, ZI) is the center of the source

segment. In the addition of field components, p/p' is used rather than

P, since E is the field in the direction 0' to one side of the

observation segment.

When the Sommerfeld/Norton option is used for an antenna over ground the

electric iield at ; due to the current on a segment is evaluated in three

terms as
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k• 2 k 2

1 2
,2 () g( )+r s

ED is the direct field of the megment in the absence of ground, and is

the field of the image of the segment reflected in & perfectly conducting

ground. These field comonentls are evaluated in ZFLD between 3F19 and FO150.

The factor (ki - k )/(k + k ) is contained in the variable FIATI.

The field I., duo to the Sommerfeod integral* is evaluated from EF155

to 3F227. If the separation of the observation point and the center of the

source segment is less than one wavelength, subroutine ROK2 is called at 37191

to integrate over the segment. DMIN is set to the magnitude of the first LwO

terms in i divided by 100 as a lower limit on the denominator of the relative

error test in the numerical integration. This relaxes the relative accuracy

requirement when i is small compared to the first two terms,

If the separation of the source segment and observation point iR greater

than a wavelengch, SFLDS is called at 37197 to evaluate io by the Morton

approximation.

To compute 1S with the thin wire approximation applied in a manner

consistent with that for il, the field is evaluated at a point displaced

normal to the image of the source segment and normal to the separation R. If

the direction of the image of the source segment is I the displacement is

where

D +a8 for i a ý 0
(3 X a)I x 9

a ' radius of observation segment

This displaced observation point (XO, YO, ZO) is computed from 37166 to

EF1i1. Some of the compleKity is needed to make the result independent of

orientation of segments relative to the coordinate axes.

0
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To adjust the P component of field for the factor Ia/p'l the.field i' is computed as

*' FE * (1 - F)(E, .)

where F a 1P
2/(p2 + S2))1/2

S2 - lili2 _d- 1)

This is done from EF204 to EF218 but is skipped if F (DMIN) is greater than

0.95.

CODING

EF23 Loop over direct and image fields.

EF29 - EF31 Components of O.

EF33 - EF40 Components of p/p' computed.

EF46 - EF62 Electric field of the segment computed by infinitesimal

dipole approximation.

EF68 Field computed by thin wire approximation.

EF70 Field computed by extended thin wire approximation.

EF72 - EF80 Field converted to x, y, and z components.

EF89 - EFll1 Reflection coefficients computed.

EF112 - EF129 Image fields modified by reflection coefficients.

EF130 - EF138 Reflected fields added to direct fields.

SYMDOL DICTIONARY

Al - radius of segment on which field is evaluated

CTH a cos 6; 6 w angle from axis of infinitesimal dipole or angle

between the reflecting ray and vertical

EGND = components of ES (see EQUIVALENCE statement)

zPXJ - x and y components of (S * p)p^ (see PX)

EPYJ

ETA i 1/2

IJ i IJX - flag ro indicate field evaluation point is on the

source segment (IJ - 0)

P1 I

-93-
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PX1 - x and y components of unit vector normal to the plane of

PYJ incidence of the reflected wove (p)

R a distance from field evaluation point to the center of the

source segment

RSFPS a reflection coefficient for a horizontally polarized field

REFS a reflection coefficient for a vertically polarised field

RFL w +1 for direct field, -1 for reflected field

RH a PI

RHOSPC a distance from coordinate origin to the point where the ray

from the source to (XI, YI, ZI) reflects from the ground

RHO

-RHOY a -x, y, and a components of 6 or W1 or 3 x,
RHOIJ

RMl4G a 2WR o. R or dipole moment for sin k° current

SALPRt - z component of unit vector in the direction of the source

segment or Its •asge

SHAF a half of segment length

TEs•c - p component of field due to coo ka, sin ks.

TERS and constant currents, respedtively'
TERKI

TEZC/ * a component of field due to coo ks, sin ks, and

TEZS} constant current, respectively
TIZKj!

TP a 27r

TXC

TYC
TT-C

TXS

TYS * x, y, and z components of field due to cor ka,

TZ6 sin ks, and constant current

TXK

TYK

TZK
X11

YIj x, y, z coordinates of field evaluation point
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XIJ w components of distance from source to observation

Y/J point

YO a coordinates of field evaluation point for 9

ZO)

XSPECI a x, y coordinates of ground plane reflection point

XYAiAG horizontal distance. f roo center of source so$mettt to

,,s~arvatiton. point

ZP ,. pproJe tIion of thevector from the source tegment (XI, YI, ZI)

cato the axis of the source segment

ZRATX - temporary storage for ZRPATI

ZRS2IN Z sin2 6) I2 for ground

ZSCkU4 'a quantity used in computing reflection coefficient for radial

wire ground screen

CONSTANT

3.141592654 a

376.73 n I
6.283185308 21t
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I SUBROUTINE EFLO (XI.YIZ1,AI,IJ) IF 1
2 C IF 2
3 C COMPUTE NEAR I FIELDS OF A SCGMENT WITH SINE, COSINE, AND CF 3
4 C CONSTANT CURRENTS. GROUND EFFECT INCLUDED. CF 4
5 C IF 5
6 COMPLEX TXK.TYX,T2K,TXS,TYS,TZS,TXC,?YC,TZC,EXK,tYK,EZX.CXS,CYS.cZ IF 6
7 ISEXC,CYC,EZC,EPX,CPY,ZRATI,REFS,REFPS,ZRSIN,ZRATX,TI.ZSCRN.ZRAT12 IF 7
a 2,TEZS,TER5,TEZC,TCRC,TEZK~TYRK,E0ND.7EATI CF 8
9 COMMON /DATAJ/ S,3,XJYJZJ,CAIJ,SAIJSALPJ,EKK,CYK.EZK,EXI,EYS,CZ CF 9

10 1S,EXC.EYC.E2C,RKHIEXK,INDI,IND2oIP@ND IF 10
li COMMON /GND/ ZRATIZRAT12,FRATI,CL.CN,SCNWLSCIWRNRAOL,g(SMP,3FAR IF 11
12 1,IPERF.T1.T2 CF 12
13 COMMON /INCOM/ XO,YO,ZO,SN,XSN,YSN,hIMOR IF 13
14 DIMENSION IGND(f) IF 14
15 EQUIVALENCE (EOND(I).YXK), (EGND(2),TYK), (t0ND(3),TZK)# (COND(4), IF 15
Is ITXS), (EoNo(S).TYS). (EGND(6).TzS), (Eo#40(7),Txc), (CO#40(a),My). IF 1s
17 2(ECND(t).TZC) IF 17
In DATA ETA/376.73/.PI/3.I41592154/,TP/O.1S3tI53OS/ IF I8
19 XIJNEI-XJ IF 19
20 YIjuYI-YJ CF 20
21 IJXbIJ IF 21
22 IFm- F 22
23 DO 12 lP. ,KSYMP CF 23
24 IF (IPEQ.2) IJXwI CF 24
25 RFLm-RFL CF 25
25 SALPRwSALPJ$RFL CF 26
27 ZZJaZI-RFL$ZJ CF 27
28 ZPnXIJ$CAOJ+YXJ6SASJ+ZIJ*SALPR CF 26
29 RHOXnX!J-CABJOZP IF 29
30 RHOYaYIJ-SABJOZP CF 30
31 RHOZKZIJ-SALPROZP CF, 31
32 RHUSQRT(RHOX*RHOX+RHOY*RHOY+RHOZSRHOZ+AISAI) CF 312
33 IF (RHGT.l.E-10) 00 TO I IF 33
34 RHOX=O. CF 34
35 RHOYuD. IF 35
36 RHOZ&0, IF 36
37 GO TO2 IF 37
38 1 RHOXuRHOX/RH IF 36
39 RHOYuRHOY/RH CF 39
40 RI4OZmRHOZ/RH IF 40
41 2 R=SQRT(ZPOZP4.RHORH) CF 41
42 IF (R.LT.RKH) GO TO 3 IF 42
43 C cr 43
44 C LUMPED CURRENT ELEMENT APPROX. FOR LARGE SEPARATIONS CF 44
45 C CF 45
46 RMAG.TPOR IF 46
47 CTH=ZP/R CF 47
48 PX=RH/P IF 4B
49 TXKnCMPLX(COS(RMAG).-SIN(RMAG)) CF 49
5O PYsTPOROR CF so
51 TYK.ETASCTI4*TXK*CMPLX( . ,-I */RMAG)/PY IF 51
52 TZKftCTASPXOTXK'CMPLX(i.,RMAG-l./RMAO)/(2.*PY) CF 52
53 TEZKuTYK*CTH-TZK*PX CF 53
54 TCNKwTYKOPX4TZKICTH CF 54
55 RMAGuSlN(PZSS)/PI CF 55
56 TEZCuTEZKORMAG CF 56
57 TERC*TERK$RMAG CF 57
58 TEZKuTEZK$S CF 58
59 TCRKwTERK'S CF 59
60 TX~u(0..D.) CF so
$I TYSu(0.,O.) CF 61
62 TZ~u(O.,O.) CF 62
63 GO TO 6 CF 63
64 3 IF (rEXK.EQ.I) GO TO 4 C F 64
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65 C CF 65
66 C EKSC FOR THIN WIRE APPROX. OR CKSCX1 FOR EXTENDED T.W., APPR0X. Er 66
67 C CF 67
65 CALL EKSC (S,ZPRH,TPIJX,TCZSTCRSTCZC.TERC,TEZK,TERK) cr 68

@70 4 CALL EKSCX (B.SZP.RH.TP ZJX INDI IND2,TCZSTERSTZCTIERCTEZK.TC C 70
71 IK F7
72 5 TXSuTCZS*CABJ4.TCRSORHOX IF 72
73 TYSsICZS$SABJ+TCRS*RHOY CF 73
74 TZ~mTEZ5*SALPA4T1RS9RHOZ CF 74
75 6 TXKuTEZK*CAIJ4TCRK4RHOX CF 75
76 TYKm7EZK*SABJ+TCRKORHOY IF 76
77 TZKoTEZK*SALPR+TCRKORHOZ CF 77
76 TXCUTCZCOCABJ*TCRCORHOX IF 78
79 TYCuTCZC*SAUJ+TCRC4RHOY IF 79
S0 TZCwTtZC*SALPR+T[RC*RHOZ CF 50
$I IF (IP.NE.2) GO00 TO IiCF al
62 IF (IPCRF.01,0) GO TO 10 CF 82
83 ZRATX.2RAT1 CF 63
64 RMAOmR IF 84
55 XYhIAGaSQRT(XIJOXIJ+YIJ*YIJ) IF 65
as6C IF 85
67 C SET PARAMETERS FOR RADIAL WIRE GROUND SCREEN. CF 87
BeSC IF 65
59 IF (NRADL.QO) 00 TO 7 CF so
to XSPECX(xI'2j+zzoxj)/(zI+2J) CF 00
91 YSPECB(YIOZJ+Zz$YJ)/(ZI+ZJ) IF III
52 RHOSPCuSQRT(XsPECCXSPEC+YSPECCYSPEC+T2@T2) CF 02
93 IF (RHOSPC.GT.SCRWL) GO TO 7 CF 93
94 ZSCRNmTI 'RHOSPC$ALO0(RHOSPC/T2) CF 94
95 ZRATXu(ZSCRN*ZRATI)/(ETASZRATI4ZSCRN) IF 95
96 7 IF (XYNAOGT0.1.C-6) CO TO 6 CF 96
97 C CF 97
go C CALCULATION or REFLECTION COEFFICIENTS WHEN GROUND IS SPECIFIED. CF 98
99 C CF 99

1100 PXmO. IF 100
101 PYNO. CF 101
1102 CTHi.l CF 102
103 ZRSIN*(¶..0.) CF 103
104 00 TO 9 IF 104
105 5 PXw-YIJ/XYMAO CF 105
106 PYzxIJ/XYMAO CF 106
107 CTH.ZIJ/RMAG CF 107
lOs ZRSINECSQRT(1.-ZRATX'ZRATXO(1.-CTHMCTH)) IF 108
109 9 REFSu(CTH-ZRATX$ZRSIN)/(CTH+ZRATXOZRSIN) CF 109
110 REFPSm-(ZRATXSCTH-ZRSIN)/(ZRATXOCTH4ZRSIN) CF 110
II1 REFPS=REFPS-REFS CF III
112 EPYsPXOTXK+PYOTYK CF 1 12
113 CPXwPX6CPY CF 113
114 EPYwPY*EPY IF 114
I15 TXKuREFSOTXK+REFPSOEPX CF 115
116 TY~uREFS4TYK+REFPS*EPY CF 116
117 TZK=REFSOTZK CF 117
118 CPYuPX$TXS+PYOTYS CF lie
119 EPXuPX*CPY CF 119
120 EPYuPY*EPY CF 120
121 TXSmRErS$TXS4REFPSOEPX IF 121
122 TYS=REFS$TYS+REFPSOEPY IF 122
123 TZSsREFSITZS EP 123
124 CPYuPXOTXC+.PYOTYC CF 124

li PXmFX*EPY IF 125
'26 CPYoPYOEPY IF 126
127 TXCuREF$T)KC+REFPS4EPX CF 12?
128 TYCmPEFS$TYC.REUPS*EPY IF 128
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129 TZCmRCFS*TZC IF 129
130 10 CXK=CXK-TXKok*ATI IF i~o
131 EYKmEYK-TYK'7RATI IF 131
132 CXKNCXS-TXS'7RATI IF 1332
133 EXK.IZK-TZK*7RATI £7 132
134 tysa£ys-TYW*RATI 17 134
135 EZSU£ZS-TZS*7RATI 17 135
136 IXCaEXC-TXCS 7RATZ I7 136
137 [YCmEYC-Tyc*rRA71 IF 137
136 Ezcu£zc-Tzco rmATi I7 136
139 00 TO 12 £F 139
140 11 EXKmTXK £F 140
W4 £YK.TYK 17 141
142 EZKuTZK 1F 142
143 IxSuTxS If 143
144 [YSETYS IF 144
145 EZSuTZS £7 145
146 IXCwTEC £7 1411
147 CYCETYC IF 147
145 EZC=TZC 17 148
149 12 CONTINUE I7 149
150 IF (ZPERF.10.2) 00 TO 13 £F 150
151 RETURN 17 151
152 C 17 152
153 C FIELD DUE TO GROUND USING SOMMEPELD/NORTON I7 15
154 C £7 154
155 13 SNmSORT(CAIJ*CABJ4.SAUJ*SA1J) IF 155
156 IF (SN.LT.I.E-I) GO TO 14 IF 156
15 XSNECA3J/SN 17 157
156 YSNuSAUJ/SN If 153
159 00 TO 15 IF 159
IS0 14 SNuO, IF 160
161 XSNmI. £F 16I
162 YSNmO. £F 16
163 C 17 163
164 C DISPLACE OBSERVATION POINT 0rO THIN WINE APPROXIMATION £F 164
165 C £7 165
1e6 15 ZIJRZI+ZJ IF 166
167 SALPRm-SALPJ IF 167
i68 NHOXuSAIJ*ZIJ-SALPR*Y1J £7 I66
169 RHOYsSALPR$XIJ-CASJ6ZZJ IF 169
170 RHOZmCABJOYZJ-SABJ*XIJ £7 170
171 RH-RH0X'RHOX+RHOY*RHOY+RHOZ*RH0Z 17 171
172 Ir (RH.GT.1.C-10) 00 TO 16 17 172
173 XOEXZ-A!*YSN 1F 173
174 YOmYI+AIOXSN £F 174
175 ZONZZ 17 175
M7 00 TO 17 IF 176
177 16 RHuAI/SQRT(RH) IF 177
178 IF (RHOZ.LT.O.) RHu-RH 17 178
179 X0.XI+RH$RHOX IF 179
ISO YO.YI+RHORH40Y IF 160
161 ZOwZI+RH*RHOZ IF 161
182 17 RmXIJ$XZJ+YIJ*YXJ4ZZJOZIJ CF 162
163 IF (R.OT. 95) GO TO 11 £7 183
164 C 1F 134
185 C FIELD FROM INTERPOLATION IS INTEGRATED OVER SEGMENT £F 165
186 C £7 186
18? ISNOR=I £7 187
M8 DMZN.CXKOCONJO(EXK)+EYK'CONJO(1YK).+EZKSCONJ0(£ZK) 17 166
let OMINw.OlsSORT(DMIN) £F 119
Ito SHA~s.54S 1F ¶90
191 CALL ROM2 (-SHAF,SHAF,EGND.DMIN) £F I91

192 00 TO ¶9 £7 112
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103 C Cf 193
124 C NORTON rZCLD EQUATIONS AND LUMPED CURRENT ELEMENT APPROXIMATION CF 194
195 C cr its
I96 18 ISNORz2 CF 106

17 CALL SFLDS (0. ,EGNO) CF 197
Its 00 TO 22 If 1ts
199 1t ZPmXlJ*CA9J+YlJ*SASJ+ZIJ4SAL~FR Er 19g
200 RHmR-Zp*ZP I7 200
201 If (RM.GT.lIE-10) 00 TO 20 £F 201
202 DMINw0. IF 202
203 00 TO 21 1£F 203
204 20 OMlNmSORT(RH/(RH+AZ*Al)) IF 204
205 21 ir (OM!N.GT..0S) 00 TO 22 IF 205
206 Px.1 .-OMIN £7 206
207 TCRKu(TXK*CAUJ+TYK'SASJ4TZKSSALPR)*PX £F 207
208 TXX.DMINOTXK+TERK$CAIJ 17 208
209 TYKuDMIwN*TYK+TERK*SA9J IF 209
210 TZKx0MZN*TZK*TERK*SALPR £7 210
211 T£RSU(TXSSCAUJ4TYSSSAIJ4.TZS'SALPR)SPX 1F 211
212 TXSuDMIN*TXS+TERS4CA~d IF 21
213 TYSEDMIN*TYS+TERSOSAUJ (F 213
214 TZSmDMlN*TZS+TtRS*SALFR IF 214
215 TERCu(TXC*CABJ4.TYC*SAUJ+TZC*SALPR)*PX 17 215
216 TXCUMNOMNTXC4TERCOCABJ £7 216
217 TYC=DMIN*TYC4TERC$SAUJ EF 217
216 TZCUDMIN9TZC+T1RC*SALPR IF 216
219 22 EXKnCXK+TXK 07 219
220 EYKnEYK+TYK IF 220
221 EZKuEZK+TZK ir 221
222 EXSmEXS4TXS CF 222
223 EYSmEYS4.TYS EF 223
224 CZ~mEZS4TZS CF 224
225 EXCwEXC+TXC EF 225
226 EYCREYC+TYC EF 226
227 CZCwEZC4TZC EF 227
228 RETURN CF 225
229 END CF 229-
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PURPOSE

To compute the electric field due to current filments with sin ka,

coa kz and constant distributions.

METHOD

Equations 71 through 7)4 in Part I are used. The current filament is

located at the origin of a cylindrical coordinate systam, oriented along the

z axis, and extending from -A/2 to A42. The field it computed in p and z

components.

SYMBOL DICTIONARY

4/2
CINT a J-2 cor (kr)/r dz

CON a CONX a jn/(8Ir2). n, O

CS - cos (k&/2)

ERS

EZS p and z components of field due to sin ksb co ks, and

ERC constant (S, C, K, respectively) current distributions

EZC extending from z - -- /2 to z - A/2

ERP

EZK

GPI -(1 + jkr) Go/r2 for z - -6/2 and 6/2, respectively, where

GP2 Go - exp(-jkr)/r

GZ1 - Go for z - -6/2 and A/2, respectively

GZ2

GZPI -l Go/8z at EK21, EK22 and aGO/ap at EK28, EK29 for

GZP2 z - -t-/2 and W/2, respectively

IJ - IJX - 0 to indicate that the field point is on the source

segment

RH - p coordinate of field point

RH. - kp (k a 2r/X, X)

RKB2 - (kp) 2

S A

SH w 6/2

SHK - kW/2

-100-



UKSC

SINT = J/ sin (kr)/r dz

SS - minl (kA/2)

XK w k w 2i1/A, where ,

z - z coourdinate of field point

Zi - -A/2 -z

Z2 uA/2-z

ZPK a kz

CON STANT

4.771341189 -n/(87r 2

CODE LISTING

I SUIROUTZNI EKIC (SSZRn4,XK,IJ,tZS,tRS,EZCIIRC,tZKIRK) tK I
I C COMPUTE t FIELD OF SINE, COSINE, AND CONSTANT CURRENT FIL.AMEMNTSY EK 2
3 C THIN WIRE APPROXIMATION. EK 3
4 COMPLEX CON,OZI,GZ2,OP1,OPIOZP1,OZP2,1ZS,ERS,gZC,tRC,EZK,tRK 1K 4
5 CoMO JN /TkiI/ ZPK,RK$2,IJX Ex 5
6 DIMENSION CONX(2) 1K S
7 EQUIVALENCE (CONX.CON) EK 7
G DATA CONX/O..4.771341189/ 1K a
10 ZPKwXK*Z CK10

14 SHKuXK"SH EK 14
15 SS.SIN(SHK) CK 15
16 CSwCO$(SHK) EK 15
17 Z22SH-Z EK 17
Is Z10-(SH+Z) EK 15
19 CALL GX (Z1.RH,XK.GZ1.GP1) 1K 19
20 CALL OX (22,RH.XK,022.GP2) EK 20
21 WioZpI.0 Zi EK 21
22 GZP2wGP2*Z2 1K 22
23 EZSNCON*((0Z2-0Z1)*CS*XK-(OZP2*OZPi)SSS) [K 23
24 EZCu-CONO((GZ2+GZI )SS$XK+(OZP2-OZPi)*C1) EK 24
25 [RKwCCN9(GP2-OP1 )-RH EK 25
26 CALL INTX (-SHK.SHK.RHK.4JCIN7.SINT) EK 28
27 CZKm-CONS(GZP2-OZPl4XKNXKOCMPLX(CINT.-SZNT)) 1K 27
28 OZPIOGZPIOZ1 1K 28
29 CZP2iOZP2*Z2 EK 29
30 ir (RH.LT¶I.E-10) GO TO I EK 30
31 ERSu-CONO((OZP2+GZPi+GZ2+GZ1)*SS-(Z20OZ2,-Z1OGZ1)CSIXK)/RH 1K 31
32 CRC=-CON'((GZP2-GZPI+0Z2-GZI)OCS+(Z200Z2+Z100ZI)*SSSXK)/RH 1K 32
33 RETURN EK 33
34 1 ERSN(C.,0.) EK 34
35 rCwc(O. .0.) EK 35
36 RETURN CK 36

40 J7 END 
EK 37-
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EKSCX

PURPOSE

To compute the electric field due to current distributions of sin kz,
coo kz, and constant on the surface of a cylinder by the extended thin wire

approximation.

METHOD
Equations 64 through 87 in Part I are used. The current tube is

centered on the origin of a cylindrical coordinate system, oriented along the
x axis and extendinIg from -*/2 to 6/2. The field is computed In p and a

components.

If INX1 a 2, the field contributions from and 1 of the segment
(z - -A/2) are evaluated by the thin wire approximation for a current

filament on the cylinder axis. INX2 has the same meaning for end 2 of the
segment (z - 6/2). The thin-wire approximation is used at an end vhen there
is a bend or change in radius from that end to the next segmint.

When the p coordinate of the field point (RHX) Is lose than the radius
of the current tube (BX), then RHX and BX ore Interchanged and a flag, IRA,

is set to 1 to cause alternate forms for 01 and its derivatives to be used

in routine GXX.

SYMBOL DICTIONARY

A2 w B2

B - radius of the current tube

BK - kB, where k - 2r/X, X - 1

BK2 (BK) 2/4

BX - radius of the current tube

CINT W f coo (kr)/r dt

CON w CONX w Jr/(8?r2 ), where n *
0 0

CS 0 Cos (kA/2)

ERS

EZS
ERC - t and z components of field due to sin ks, coo ka, and

EZC constant (S, C, Y, respectively) current distributions

ERK extending from z - -6/2 to z a 6/2.

r.ZK
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GRI I " G2 for = -A/2 and 6/2, respectively

. W GR2

GRK1 * /

GRK2

GRP2 J 2

G Z l 1 I G ,

GZ2

GZP1j - aG I/az'

GZP2 1

GZZ2 " 0

Ii - IJX - 0 to indicate that the field point is on the source

segment

INXI 2 to use the thin wire form at end I or end 2,

INX2J respectively
IRA I . to indicate RHX < BX

RH , p coordinate of the field point or wire radius

P.RHK * k(RH)

RHX * p coordinate of the field point

RKB2 (RHK)
2

S

SH L1/2

SHK kA/2

SINT M f sin (kr)/r dz

SS - sin (kL/2)

XK - k w 2r/X, I\ • 1

Z a z coordinate of field point

Zi - -6/2 z

Z2 - /2- z

ZPK w kz

CONSI ANT

S4,77134118 - n/(81-2
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I SUBROUTINE EKSCX (BXSSZRHX,XX,IJ,4NXI,INX2,CZSCRS,CZCERC,CZK,C CX 1
2 IRK) EX 2
3 C COM~PUTE C FIELD OF SINE, COSINE, AND CONSTANT CURRENT FILAMECNTS BY EX 3
4 C EXTENDED THIN WIRE APPROXIMATION, EX 4
5 COMPLEX CON,OZI,0Z2,OZPI,0ZP2,GR¶,0R2,ORPI,ORP2,CZS,EZC,ERS,CRC,QR EX 5
G IKI,GR92,EZK.ERK,GZZI,GZZ2 CX 6
7 COMMON /TMI/ 2PXRK02.XJX Ex 7
a DIMENSION CONX(2) EX 8
9 EQUIVALENCE (CONX.CON) EX 0
10 DATA CONX/O..4,771341189/ EX 10
11 IF (RHX.LT.UX) GO TO I EX 11
12 R~mRHX EX 12
1S BRIX EX 13
14 ZRAuO EX 14
15 00 TO2 CX 15
1S 1 RI4UUX Ex Is
17 9UiRHX CX 17
Is IRAuI Ex Is
19 2 S~m.505 EX 19
20 IJXuIJ EX 20
21 ZPKsXK*Z EX 21
22 RHKwXK4RH EX 22
23 RK12mRHK*RHK EX 23
24 SH~uXK*SH EX 24
25 SSuSIN(SHK) EX 25
26 CSuCOS(SHK) EX 25
27 Z2mSH-Z LX 27
28 Zia-(SH42) EX 28
29 A2ug*B EX 29
30 IF (INXI.EQ.2) Go TO 3 EX 30
31 CALL OXX (21 ,RH,SA?,XKIRAGZIOZPI,ORI ,ORPI ,ORKI .0221) EX 31
32 0070O4 EX 32
33 3 CALL OX (21 ,RHX.XK,GZI ,GRKI) EX 33
34 GZFImGRKIfZI EX 34
35 GRIuOZI/RHX CX 35
36 ORPI=OZPI/RI4X EX 36
37 ORKI=GRKI$RHX EX 37
38 GZZlu(0.1O.) EX 38
39 4 IF (INX2.CQ.2) GO TO 5 EX 39
40 CALL GXX (22,RH.0,,A2,XKIRA,022.GZP2,6R2,GRP2,0RK2,02Z2) EX 40
41 0070O6 EX 41
42 5 CALL OX (Z2.RHX.XK,GZ2.GRK2) EX 42
43 GZP2wGRK2Z22 EX 43
44 GR2uGZ2/RHX EX 44
45 GRP2uGZP2/RHX EX 45
46 GRK2srGRK2$RHX EX 46
47 GZZ2m(0.4O.) EX 47
48 6 EZSmCONS((0Z2-GZI)SCSSXK-(GZP2+OZPI)SSS) EX 48
49 EZC.-CON'((GZ24GZI)*SSSXK.(OZP2-OZPI)SCS) EX 49
50 ERSu-CONO((Z220RP2+Z1*GRPI+0R240R¶)SSS-(Z2.0K2-ZI@ORI)*CSSXK) EX 5O
51 CRCu-CONS((Z200RP2-ZI*ORPI.0R2-ORI)SCS+(22S0GA24Z'ORI)*SSSXK) CX 51
52 ERKmCON*(GRK2-GRK1 ) EX 52
53 CALL INYX (-SHK,SHK,RHK,IJ,CINY.SINT) EX 53
54 BK*BOXK EX 54
55 *K2wUK*UK*.25 CX 55
56 EZKu-CON.(07P2-GZPI.XKOXK*(1 .-1K2)'CMPLX(CINT,-SINT)-1K2.(OZZ2-GZ? EX 56
57 11)) EX 57
58 RETURN CX 58
s9 END EX 59-
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ENF

PU RPO G

To check for an end of file.

METHOD

ENF uses the standard Fortran end-of-file test and returns the logical

values .TRUE. or FALSE. This separate function Is used for convenience in

adapting the code to particular computers, since the Fortran end-of-file test

statements often differ between computers. The form of ENF here is for CDC

computers.

SYMBOL DICTIONARY

ENF - logical value: TRUE. if end of file was encountered; .FALSE.

otheivise

NUNIT - logical unit number

CODE LISTING

I LOGICAL FUNCTION ENr(NUNIT) IN I
2 Zr (EOF,NUNIT) 1,2 IN 2
3 1 ENr=.TPUE. IN 3
4 RETURN IN 4
S 2 ENrT.rALSE. IN S
I RETURN [N 6
7 END IN 7-
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PURPOSE

To fill the array representing the right-hand side of the matrix

equation with the negative of the electric field tangent to the segments and

with the tangential magnetic field on the surfaces.

METHOD

The array E represents the right-hand side of the matrix equation. For

the ith segment, the right-hand side is the negative of the applied electric

field component tangent to the segment, and is stored in location I in array

E. For the i th surface patch, there are two row& In the matrix equation

(from the two components of the vector equations) with locations H + 21 - 1

and N + 2i, where N is the total number of wire segments. The contents of E

for these locations are

E (N + 2i) - t 2  * ( x ) x t 1 . H

where H i is the magnetic field applied to patch i. The forms on the right are

used in the code with the plus sign applying when (t,, t 2 ' 8) forms a right-

hand system and the minus sign when left-hand. To avoid the need to check

(t1l' t2' R)' the sign is stored in array SALP where, for patch i, SALP (LD +

1 - i) - ±1 according to (t', t2' R), with LD the length of the arrays in

COMXON/DATA/. If the structure has symmetry, the entries in E are reordered

by subroutine SOLVES.

The parameter IPR selects the type of excitation; the meanings of other

parameters depend on the option selected by IPR and are explained below. The

excitations associated with IPR values are:

IPR - 0 applied field voltage source

1 incident plane wave, linear polarization

2 incident plane wave, right-hand elliptic polarization

3 incident plane wave, left-hand elliptic polarization

4 infinitesimal current element source

5 current slope discontinuity voltage source
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CODING

ET29 - ET34 Applied field voltage source (IPR a 0).4 ET36 - ET38 QDSRC is called for each current slope discontinuity

voltage source (IPR - 5).

ET44 - ET160 Incident plane wave. The direction of propagation and

polarization of the wave are illustrated In figure 4 in

which 0 is the unit vector normal to in the plane

defined by i and 2. The plans wave as a function of

position 7 is

El (F) 7 0 exp (-A or)

H~k xr u-kE exp(-Jj,.7)
?10

where

k*(2TI/X) k^

k w unit vector in direction of propagation

E " E for linear polarization

"a (E " JAE2) for right-hand elliptical polarization

S(f, + JAY2) for left-hand elliptical polarization

A - ellipse axes ratio
A

ET44 - ET58 PI w 6

P2 -

P3 -

PX, PY, PZ - x, y, z components of EI

WX, WY, WZ = k
A A A

QX, QY, QZ - E2 - k 5 E1

ET61 - ET68 Ground reflection coefficients computed:

RRH w reflection coefficient for E normal to the plane of

incidence

RRV - reflection coefficient for E in the plane of

incidence

ET70 - ET108 Linearly polarized wave (IPR 1 1).
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A t

A

Figure 4. Coordinate Parameters for the
Incident Plane Wave.

ET71 - ET73 Direct Illumination of setments by E field. ARC - -k, r,

where ri c enter point of segment I. E(1) " "(• )

exp(-ji 7* ,), where I - unit vector in the direction of

segment I.

ET75 - ET82 Illumination of segments by the ground reflected field.

CX, CY, CZ - reflected E field

ET84 - ET93 Direct H field illumination of patches.

ET95 - ET108 Illumination of patches by the ground reflected field.

CX, CY, CZ a reflected R field

ETl13 - ET159 Elliptically polarized wave (IPR o 2 or 3).

P6 - ellipse axes ratio n A.

ETll6 - ET121 Direct E field illumination of segatmnts.A A

CX, CY, CZ w E± I JAE2 (+ for left-hand polarization,

- for right-hand)

ET123 - ET130 Illumination of segments by the ground reflected E field.

ET132 - ET144 Illumination of patches by the direct H field.

CX, CY, CZ - x 0

ET146 - ET159 IllumJnation of patches by ground reflected H field,
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ET164 - ET225 Infinitesimal current eletoent source (IPR - 4). A current

element of moment 10 Z at the origin of a spherical coor-4 dinate system, as shown in figure 5, produces field

components

-E I~ I ILp (-31cR) coon e

Ie(R) Io-I- 4XP(-jkR) I- sine

Ho exp(-kR) (4 2+ 'k sn

If the location and orientation of segment i and the

current element with respect to the x, y, z coordinate

system are

r i - location of segment I

- orientation of segment i

D w location of current element

d a orientation of current element

then

R e A A

coB B - R * d
sin e 1 - co. 2 el1/2

The orientation of the current element is defined by its

angle of elevation above the x-y plane, a, and the angle

from the x axis to its projection on the x-y plane, b.

Thus, d = coo a coo b x + cos a sin b + sin a,
A 

A A

The R and 0 field components are converted to P and d
components E and Ed, where

Ed a ER coso - E8 sin e

E w £ER sin e + Ee coo

and the excitation computed as

I A0E(I) rn i* (Edd + EP )
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xx

Figure 5. Coordinate Parmeters for
Current Element.

ET164 ET225 P1, P2, P3 - x, y, a coordinates of current element CD)

P4 - a

PS-b

P6 = 10*tx2

ET164 - ET169 WX, WY, WZ - x, y, and z components of da
DS a (n12w) 1 0 1A2

DSH * (1/0?) 1O /X2

ET173 Start of loop over- all sepents and patches.

ET176 - ET179 For patches,

IS w location of patch data in geometry arrays

11, 12 a locations to be filled in 3

ET18O - ET182 Px, PY, Pz -

ET183 - ET193 R - Il/X1

PX, PY, PZ R

CTH - cos 6

STH - sin e5

QX, QY, QZ - R - ( .R
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ET196 -ET204 QX, QY, QZ - p

rI - exp(-Jk R)

ET206 -ET215 E field on segment*

T2 (1 - J/ X2/R2

ST a

IRH m
EZil - a
CX, CY, CZ a x, y, a components of total S field

ET216 - ET224 H field on patches

T2 - t

CX, CYO ~CZ a tH1

CONSTANTS

I.E-30 w tolerance in toot for xero,

2.654420938E-3 a 1/n -* O-

59.958 w ri/27r

6.283185308 -*2



I SUBROUTINE ETMNS (Pl.P2.P3,P4,P5.PlIPRC) IT I
2C C T 2
3 C CTmNs FILLS THE ARRAY I WITH THE NEGATIVE OF THE ELECTRIC FIELD IT 3
4 C INCIDENT ON THE STRUCTURE. C IS THE RIGHT HAND SI0E Of THE MATRIX CT 4
5 C EQUATION. ET 5
CC C T C
7 COMPLEX C,CX,CYCZVSANT,TX1,7K2IR.ET.IZW,IIHW,VQO,VODS.ZRATI,ZNAT C? 7
a I1,RR,1TTT.RT T I
* COMMON /DATA/ LONtN2.N.,NPdal,M2,M,MP.E(300).Y(300),Z(300) .51(300 ET 9
10 1),1z(soo),ALP(3oo),hcT(3oo)ozcoNt(3oo),Ioow(Soo),:v 0 3oo).ICONX( IT i0
11 2300) ,WLAM*ZPSYM IT li
12 COMMON /ANGL/ SALP(300) CT 12
13 COMMON /VSORC/ VQD(30),VSANT(30),VQDS(30).V@(SO).ISANT(3O).IQDS( IT 13
14 130).NVOD,NSANT,NQDS IT 14
Is COMMON /0N0/ZRATI,ZRAZI2,FRtATI,CL,CI4,3CRWL,SCRW MRADLKSYMPIFAR, IT 15
I6 iIpERr,T1,T2 IT 1C
17 DIMENSION CAIQ), SAICI), t(60 IT 17
16 DIMENSION TIX(1),' Tty(i). TllZ(1li. Tax(i1). ?2y(l), TaZ(l) IT Is
IS EQUIVALENCE (CASALP), (SAISIT)' IT IS
20 EQUIVALENCE (TIX.SI), (TIYALP), (TtZUCT), (TIK.2CONI), (TRY,.2C*N IT 20
21 12),' (72Z,ITAG) IT 21
22 DATA TP/6.263165308/.RETA/2.654420935E-3/ IT 22
23 N[QmN+2*M C? 23
24 NQDSO0 CT 24
25 IF (IPR.OT,.0AND.IPR.NE.5) 00 TO 5 CT 25
26 C IT 26
27 C APPLIED FIELD or VOLTAGE SOURCES FOR TRANUMZT~TIM CASE CT 27
2CC C T 25
20 DO I 1.1 .NCQ CT 29
30 1 E()(IO t 30
31 IF (NSANT.EQ,0) 00 TO 3 CT 3I
32 DO 2 lwt ,NSANT CT 32
33 ZSuISANT(I) CT 33
34 2 E(IS)m-VSAN7(I)/(SI(1S)6WLAM) CT 34
35 3 Ir (NVOD.EOO) RETURN IT 350
36 DO 4 miI,NVQD IT 36
37 ISNIVQD(I) CT 37
38 4 CALL QDSRO (IS,VQD(I),E) CT 36
39 RETURN IT 30
40 5 IF (IPR,OT,3) 00 TO It CT 40
41 C CT 41
42 C INCIDENT PLANE WAVE, LINEARLY POLARIZED. IT 42
43 C CT 43
44 cTHwCOS(PI ) CT 44
45 STHaSIN(PI ) CT 45
40 CPHwC0S(P2) CT 46
47 SP~wSIN(P2) CT 47
48 Cc~mCOS(p3) CT 46
41 SETmSlN(P3) CT 49
10 PX*CTHOCPHOCET-SPH$SET CT 50
51 PYaCTH*SPH*CET+CPHOSCT CT 51
12 PZ.-STHOCET CT 52
53 WX&-STH$CPtJ CT 53
54 WYu-STHS$PI CT 54
55 WZu-CTH CT 55
56 OXWY*PZ-WZ'PY CT B6
57 QYMW2*PX-" $PZ CT 57
as ozawx*py-wyoPX IT 56
so Ir (KSYMP.CQ.I) 00 T0 7 IT Os
60 I! (IPERF.EQI) 00 TO 6 CT s0
61 RR~uCSQRT(1 ,-ZRATIOZRATIOSTHOSTN) CT 61
62 RRH.ZRAT!*CTH CT 62

63 RRH=(RRH~-RRV)/(RRH+R#V) CT 63

64 RRVmZRATIORRV IT 64
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Is RRVN-(CTM-RRV)/(CTH4.RRV) IT 65
66 GO TO? 7 T 66
6Go RRV.-(1.,O.) IT 67
6 6 O R R V -( t ., 0 .) 

C T £ 8

60 7 IF (IPR.OT.1) GO TO 13 IT 69
70 if (N.EQ.O) Go TO 10 IT 70
71 0068 Iul,N IT 71
72 ARGm-TP*(WX*X(I).+WY*Y(I)sWZ*Z(I)) CT 72
73 S E(Z)m-(PX*CAI(I).PYSSAU(I)4.PZSSALP(Z))SCMPLX(COI(ARG),SZN(ARO)) IT 73
74 IF (Ksymp.Co.1) 00 TO 10 CT 74
75 TTlw(FY$CPH-PX6SPH)S(ARHt-ftR) CT 75
76 CXuRRV*PX-TTI *SPH CT 76
77 CYaRRVOPY4YTT1CPH CT 77
76 CZU-RRV$PZ IT 76
79 00 9 ImIN IT 79
so AR0.-rP*(WXOX(I)sWY*Y(z)-WZOZ(z)) IT so
111 9 C(1)wE(I)-(CX$CA9(Z).CY$SA1 ( 1).CZ$3ALP(t))sCMPLX(C0I(ANo).SIN(Amo) CT aI
62 1) IT 62
63 10 If (N.I0.O) RETURN CT 83
64 IuLD*1 CT 64
6s IiwN-I CT 65
86 DOl1l ISMI.M IT 86
67 101-I IT 67
66 11.11.2 CT as
$I 12uz1II IT Of
go AROu-TP*(WXOX(I)4WYOY(Z)wZO$Z(Z)) ET 90
910 TTIuCMPLX(COS(ARO),SZN(ARQ))@SALP(Z)SRCTA IT 91
92 C(Z2)u(QX*T1X(Z)4.OYSTIY(I)4.QZ*T1Z(Z))OTTI IT 92
93 It C(li)m(QXOT2X(Z)4.QYST2Y(Z)4.0ZeT2Z(Z))OTTI IT 93
94 IF (KSYMP.CQ.1) RETURN CT 94
95 TTIm(OYICPH-QXOSPH)*(RRV-RRH) IT 95
96 CXn-(RRHSOX-TTI$SPH) CT 96
97 CYn-(RRH*QY.TTIOCPH.) CT 07
so CZmROH*OZ CT 96

too VmN-l CT 100

101 00 12 ISUIjM CT 101

104 12wI1+1 IT 104
105 ARou-TPS(WXOX(I)+WY*Y(I)-WZSZ(I)) CT 105
106 TTIuCMPLX(COS(ARG).SIN(ARO))*SALP(I)@RCTA CT 106
107 C(12)uE(12)+(CX*TIX(I).CY*TIY(I).CZ$T¶Z(Z) )OTTI ET 107
10S 12 E(11)uE(Il)+(CXT2X(I)+CYOT2Y(I)+CZOT2Z(I))GTTI CT 106
109 RETURN CT 109
110 c CT 110
IlI C INCIDE.NT PLANE WAVE, LLLIPTIC POLARIZATION. CT lit
112 C CT M1
113 13 TTI.-(0.1I.)OPG IT 115
114 IF (IPRE0.3) TTi.-TTI CT '114
115 IF (N.CQO0) 00 TO If CT 115
I116 CX.PX+TTI#QX C T 116
117 CYuPY+TTI*QY IT 117
IIII CZrPZ4.TTIGQZ CT 115
119 DO 14 ImI.M CT 119
120 ARGu-TP.(WXOX(I).WYOY(Z).+WZZ(I)) ET 120
121 14 [(1 ) -(CX@CA9(I)+,CY@SAP(Z)+CZSSALP(T))SCMPLX(COS(AR0),IIN(AftG)) CT 121
122 IF (KsYMP.[Q.l) 00 TO 16 CT 12
123 TT2.(CY$CPH-CXOBPH)I(RRH-RRV) CT 123
124 C~.RRV*CX-TT2$$PH IT 124
125 CYaRRVOCY'TT2*CPH CT 125
126 CZa-RRV*CZ CT 126

127 DO 15 Ilul N CT 127
128 AROa..TP*(WXOX(Z)+W'YY(Z)-W*Z2(1)) IT 12A
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129 15 E(I)=E(Z)-(CXOCABI()4CY'SASB(1)+CZOSAtlP(l))*CMPLX(COS(ARG).SZN(ARG) ET 120
ISO 1) ET 130
131 16 IF (M.CQ.0) RETURN CT 131
132 CXwOX-TTI*PX ET 1320
133 CTwQY-TT1SFY I 3
134 C2NQ2-TTIOPZ CT 134
135 IwLO+1 CT 135
130 Z1NN-l CT 136
Is? DO 17 15.1, I T 137
136 1.5-I IT Is$
139 11811+2 CT 139
140 52211+1 CT 140
14 ARCOU-PS(WXOX(t)4WYY()4W*ZZ(I)) IT 141
142 TT2UOMPLX(COS(ARO),SZN(ARQ))'SALP(I )'RCTA CT 142
143 t(12)u(CXST1X(Z)4.CY*TtY(Z) 021T1:t2(i '72 IT 143
144 17 E(Z1)N(CX*T2X(Z)eCY'12Y(z )4CZ*T2Z(I) ) '772 T 144
145 If (KSYMP.CQ.l) RETURN IT 145
146 TTIw(CY0CPH-CXGSPN)*(RRV.4NN) IT 146
147 CXu-(RRH*CX-TT¶ '5PH) CT 147
146 CY -RRN'CY+TTIOCPH) CT 145
140 CZaRRHOCZ IT 140
150 Z.LD4.1 IT I50
151 11uN-I IT 151
162 00 Is ZSulh4 91 152
153 ru5-I IT 153
154 I~sh1+2 CT 154
155 12811+1 IT 155
MS ARCN-TP'(WX*X(1)4WYOY(5)-WZ'Z(Z)) IT I56
W5 TYINCMPLX(COS(ARG) SIN(ARO))'SALP(I)OAETA CT 157
156 t(12 ) u(Z2)+(CX'T1iC(Z)4CY'TIY(I)4.CZ*T1zz(i))OTTI CT 1M
15$ 1$ I(2 21 )u(S)(~TXZ4YTY)ZTZZ TT1 ET, 159
1SO RETURN IT 160
IV1 c ITISI
162 C INCIENT FIELD OF AN ELEMENTARY CURRENT SOURCE. Ct 162

163 C IT 163

161 wxwz~c0S(p5) CT 165
166 WYMZ*SZN(p5) IT 166
I$? WZaSIN(P4) IT 167
1M DSmP6*59.0S6 CT ISO
¶69 DS~mPl/(2.OTP) IT 160
170 NPMmN+M CT 170
171 Z~mLD+I CT 171
172 IlwN-I CT M7
173 D0 24 1.1 ,NPM CT 173
174 11.5 IT 174
175 IF (I.LC.N) 00 TO 20 CT 175
176 ISNuS-1 IT ¶76
177 11MIS CT 177
171 51.1142 ET 178
170 12wII+I CT 170
160 20 PXwX(ZZ)-PI IT IGO
181 PYsY(II)-P2 IT 181
162 PZNZ(1I)-pS CT 182
¶63 RS.PXGPX+PY#PY+PZGPZ CT 163
¶64 IF (RS.LT.lE1-30) 00 TO 24 IT 164
to5 R*SQRT(RS) CT 165
lUG PXmPX/R CT 1$$
167 PYOPY/R IT 167
18$ P~mPh/ft CT ills
ISO CTN.PXOWX+PYOWY+PZGWZ CT ISO
100 STHmSQRT(1.-CTH*CTH) CT 100

III QX.PX-WX$CTH CT 101

102 QY*PY-WY$CTI4 ET 102



193 QZuPZ-WZ$CTH ET 113
194 ARG*SQRT(QXOOX+YQYO40+ZOZ) CT 194
195 IF (ARG.LT.I.E-3O) 00 TO 21 ET 105
196 QXNOX/ARG ET 1SO

197 0Yw0Y/APG Cl 197

111 00 TO 22 IT 199
200 21 QXal. CT 200
201 OYMO, IT 201
202 WEDO. CT 202
203 22 ARCu-Tp6R IT 203
204 TTluCMPLX(COS(AAG),SZN(ARG)) IT 204
205 IF (I,OT,N) 00 TO 23 CT 205
206 YT2.CMPLX(1 .,-I ./(ft'TP))/MS IT 206
207 C~wDSTTI * T12*CTH ET 207
208 CTs.,0SSDTT1((0., ,.)OTP/R+TT2)*STH CT 208
200 [ZN.CR*CTI+-[T*STH IT 200
210 CRHuCR$TH+ET*CTH IT 210
211 CXwEZH$WX.CRH$QX IT 211
2M CYwrzI4SWY+CRN*oY CT 212
213 CZOCZH*WZ+ERHOOZ IT 213
214 E(Z)n-(CX'CAB(I).CY'SAU(Z)4CZ8SALP(Z)) IT 214
215 00 TO 24 CT 215
216 23 PXMYO02-WZOQY IT 216
217 PYNWZOX-WX$QZ IT 21?
216 PZIOXSOY-WY$OX IT 219
21f Tt2uOSHYTTi.CMPLX(i ./pTP)/R*STH'$ALP(tl) IT 2M
220 CXmTT2*PX IT 220
221 CYaTT2$PY CT 221
222 Olml'12$P2 CT 222
223 9(12) CX:T1X(IZ)+GYSYtY(11)+CZ$T1Z(11) IT 223
224 C(li).CX T2X(?I )+CY$T2Y( ?Z)+CZ6T2Z(21) ET 224
225 24 CONTINUI CT 225
225 RETURN CT 226
227' END CT 227-
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PURPOSE

To perform the steps in the NCF solution that do not depend on the

excitation vector.

METHOD

The NGF solution procedure is discussed in Section V1. The steps

performed in FACOGF are to evaluate A'1 5 and D - CA' 1 . The matrix

O - CA- B is then factored into triangular matrices L and U. The procedure

Is complicated by the possible need to use file storage for the matrices. The

comments in the code and the tables for ICASX a 2, 3 and 4 in Section VII

offer a fairly complete description of the procedure.

SYK6OL DICTIONARY

A a array for matrix A (L U factors) or block of A if file storage

is used

a- array for A or block of a

BX a array for B when A-IB is being computed with ICASX * 2. The

array B starts at the beginning of CH in this case. BX leaves

room for AF at the beginning of CH

C a array for C or block of C (matrix transposed)

D a array for D or block of D (matrix transposed)

IBFL a file on which 6 is stored

ICASS a saved value of ICASE

1P a pivot index array

IX a data on row interchanges in LFACTR

Hl a number of patches in the NGF

MP number of patches in a symmetric section in the NGF

NI number of segments in the NGF

NiC • number of columns in C (same as order of A)

NICP * NlC + I

N2C = order of matrix D

NBLSYS * saved value of NBLSYM

NIC i Index increment

NLSYS * saved value of NLSYN
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NP - number of segments in a aymetric section in the NHG

NPSYS n aaved value of NPSYM

SLIM - summation variable for matrix products
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I SUBROUTINE PACOF (ASCCD,UX.IP.IX.NP.N1,MP.MI,NIC.N2C) 70 I
2 C FACGF COMPUTES AND FACTORS D-C(TNV(A)S). F0 2
3 COMPLEX A,B.C,D,UX.SUU FrA 3
4 COMMION A/IATPAR/ ICASC,NPLOKS,NPULK.NLAST.NILSYM,NPSYM.NLSYM,IMAT,I F0 4

I DIMENSION A(l), M(Nic,l), C(Nic,l). o(Nac,1). ex(NIC,1), tp(l). ix ro 6

7 10i) 70 7
a IF (N2CJ.QO) RETURN 7O a
2 IDPLml4 PO 9

10 IF (ICASX.LT.S) 00 TO I To to
11 C CONVERT I FROM BLOCM OF ROWS ON T14 TO BLOCKS OP COL. ON T16 PG 11
12 CALL RtILK (9,C.NlC.NPlX,N2C) FO 12
13 IIPLalO PG 13
14 1 NPIENPBL 70 14
Is IF (ICASXEO0.2) REWIND 14 70 1S
16 C COMPOJTE INV(A)3 AND WRITE ON TAPEI4 r0 is
17 DO 2 181.,NBIL 70 17
is IF (Il.E0.NIS0L) NPIUNLIL P0 Is

to IF (ICASX.OT,1) READ (INFL) ((lX(zJ),I81.Nlc),Ju¶.NPa) PG 19
20 CALL SOLVES (AIP,9XN10,NPINPNI.hIP.Mi,13.13) 70 20
21 IF (ICASX.EO,2) REWXND 14 70 21
22 IF (ICASX.OT.1) WRMT (14) ((BX(IJ),IuI,NlC).JwlNP*) FO 22
23 2 CONTINUE PO 23
24 IF (ICASX.EQ.I) 0O TO 3 FO 24
25 REWIND il r0 25
26 REWIND 12 PG 26
27 REWIND 15 FO 27
26 RMWND IIFL FO 26
20 3 NPCxNPlL PG 29
30 C COMPUTE D-C(INV(A)I) AND WRITE ON TAPEII FO 30
31 DO 8 ICuI ,NISL 70 31
32 IF (IC.CQ.NIIL) NPCwNLBL FO 32
33 IF (ICASX.EQ1l) 00 TO 4 PO 33
34 READ (15) ((C(IJ),Iu1,NiC),Jal,NPC) 70 34
35 READ (12) FO(,)Z~12)J1NC 35~
36 REWIND 14 FO 36
37 4 NP~wNPOL PG 37
36 NZCuO rG 36
30 DO 7 hml ,NBBL FO 30
40 If (he.EQ.NuuL) NPOONLSL FO 40
41 IF (ICASX.GT.1) READ (14) ((B(I,J),Iul,NlC),JwlNPI) FO 41
42 DO 6 1.1 AP8 FO~ 42
43 lIhu+NIC FO 43
44 DO 6 Jal ,NPC 70 44
45 SUb4U(O..O.) FO 45
46 DO 5 KalNIC 70 45
47 5 SUMwSUM+B(KI)*C(K,J) F0 47
48 6 0(I1,J)wD(11,J)-SUMW PG 45
40 7 NlCwNIC+NPBL 70 40
50 IF (ICASX,GT.1) WRITE (11) ((V(I,J),lx1.N2C),JmlNPlL) ro 50
51 a CONTINUE F0 51
52 IF (ICASX-E01) 00 TO 0 70 52
53 REWIND 11 70 b3
54 REWIND 12 FG 54
55 REWIND 14 70 55
56 REWIND 15 70 so
57 0 NlCPuNlC~l FU 57
so C FACTOR D-C(INV(A)I) F0 58
50 IF (ICASX.GT.l) 00 TO 1O PG so
so CALL FACTR (N2C,DIP(NICP),N2C) r0 60
61 00 TO 13 70 61
62 1O IF (ICASX.ECQ4) GO TO 12 r0 62
63 NPDwNP9L rG 63
64 IC&O TO #A



FACUF
65 00 11 EIfu.NIlL FO 65
66 IF (II.CO.NIL) NP1uNIL TO 66

*s lC:IC+N2C$NPB ro Go
49 11 READ (11) (I!reZnc so a70 REWIND li FO 7071 CALL TACTA (N2C.S.IP(N¶CP),N2c) ro 7172 NZCwN2CGNSC TO 7273 WRITE (11) (I(I,1),Zwl.NEC) PG 7374 MEIND 11 TO 7475 00 T013 TO 7576 12 NBLSYSNSLSYu TO 7677 NPSYImNPSYW TO 77
78 NLSYSONLSYM TO ir6
79 XCAISuZCASC TO ,pi
..s NULSYMENNIL TO so0..I NPSYMONPIL 

rO iil
62 NLSYMuNLOL TO 1263 ICASE=3 TO 6364 CALL rAcio (S.N2C0 .lZX(NlCP),11,12,16,11) TO 84
65 CALL LUNSCR (I.N2C,1.ZP(NiCP).4X(NICP).12,1t1.1) TO 8566 NBLSYMwNBLSYS Ta 66
67 NPSYMisNPSYS TO 67
68 NLSYMuNLSYS TO 6889 ICAS~ulCASS TO 69
90 13 RETURN TO 9091 END To 91-
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FACIO

PURPOSE e
To read and write matrix blocks needed for the LU decomposition.

14THOD
Sequential access Is used on all files. The matrix is initially stored

on file IUl in blocks of columns of the transposed matrix. The block size is

such that two blocks will fit into the array A for the Gauss elimination

process. If the matrix were divided into four blocks, the order for reading

the blocks into core would be

Blocks

1, 2 1 and 2 viii be completely factored
1 31 3 and 4 partially factored
1, 4!
2, 3 factorization of 3 completed
2, 4 4 partially factored
3, 4 factorization complete

IUL is the initial input .Is. Partially factored blocks are read from file

IFILE3 and written to IFILE4 where IFILE3 a IU3 and IFILE4 w IU4 when IXBLK1

is odd, and IrXLE3 a IU4 and IFILE4 = tU3 when IXILKI is even. Completed S
blocks are written to file IU2. Although the last block may be shorter than

other blocks the same number of words is read or written. The excess words

are ignored in subroutine LFACTR.

Subroutine LFACTR is called to perform the Gauss elimination. For a

symmetric structure the loop from P018 to F043 factors each submatrix.

SYMBOL DICTIONARY

A - array for matrix storage

11 w location in A of beginning of block 1

12 - location in A of and of block 1

13 - location in A of beginning of block 2

14 - location in A of end of block 2

IFILE3 - input file

IFILE4 - output file

IP - array for pivot element indices

0
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IT = number of vords in a matrix block

IU1, IU2, £03, IU4 - file numbers

IXBLKl - number of first block stored in A

IXBLK2 = number of second block stored in A

KA a first location in IP for submatrix KK

NAM - number of blocks minus one

NOP u number of subestrices for symmetry

NROW - number of rows in a block

TI, T2, TIME - variables to sum total time spent in LFACTI

4D
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I SUBROUTINE FACIO (A.NROW.POP.:P.IUI.IU2,tU3,ZU4) 70 1
2 C 70 2
3 C rACio CONTROLS 1/O FOR oUT-ov-cmR rACyoRIzolIO FO 3
4 C 70 4
5 COMPLEX A PC s.:
* COMM4ON A4ATPAR/ ZCA$INIL0Ki,NPILXKNLAS?6NILSYhINPSYi4,NLSYMZMA?,I FO C'
7 ICASX.NSUK,NPIXNLUX,NUILNPSLNLSL 70 ,'
s DIMCNSION A(lIRot). IP(NRo#) r: i
6 ZT*9*NPSYM*NRQW '0

10 NOMNNILSYW-1 r0 10

13 134s20 TO70~

I r TZME&D. rPC; 15,
.16 REWIND rli O1
17 Ar#WND 1 U2
to DO 3 KKNIDNOP
It '"KAN(KK-1 ) *NROW0 i ic ,I
20 ZFZLE3s.Ul 06 '96
2 1 tP%,Lt4mZU3 70, v
22 'DO 2 IX1LKI1.N1M rO0*.2
23 REWIND ZU3 P.O .23'
24 REWIND IU.4 r0 24
25 CALL ILCXIN (AXIILE3,z1,u2iI?) r0 '25
26 ZXOPaIXSLICI+l P0 26
27 DO I SXLK2tsIX00.N6LSYM FO 21
25 CALL OLCK~N (AXILC3,13,14olo1) P0 26
29 CALL SECOND (11) 70 29
50 CALL L7ACTR (A,NR0',%X9L~i,TX1LI2.%P(KA)) 70 30
3`1 CALL SECOND (Ta) F0 31
32 TIWEmTIM+4T2-Y1 70 32
33 IF (%X8LK2,tOX1P) CALL *LQKOT FOZJI,21I)7 S3
34 IF (IXSLKI. tQ.N5M.AWD.?KILX2.E0.4SLSYM) ZrZLE 14.u FO 34
35 CALL *LCK0T (A,trIL[4.I3,14,1.20) FO 35
36 1 CONTINUE P0 36
37 IrlLC3.1U3 70 37
38 IrXLE40.1U4 F0 36
39 IF ((ZX9LKI/2)42.N[.IXILX) 0O TO 2 FO 39
4r) ZrILE3.1U4 70 40
41 IrILt4w1U3 FO 41
42 2 CONTINUJE 70 42
43 3 CONTINUE F0 43
AA REWIND IU`1 70 44
45 REWIND IU2 F0 45
46 REWIND 1U3 1.0 46
47 REWIND 11.4 r0 47
46 PRINT 4, 11HE FO 46
019 RETURN r0 49
soc 0 50 s
51 4 FORMAT (35H4 CP TIME TAKEN FOR FACTORIZATION 31,C2.5) PC 51
32 END F0 52-
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FACTR

'PURPOSE

To factor a complex =mtrix into a lower triangular and an upper tri-

;angular matrix using the Gauss-Doolittle technique. The matrix in this case

is a transposed matrix. The factored matrix is used by subroutine SOLVE to

"doteribaine the solution of the matrix equation Ax B.

MZ•HOD

"•The algorithm used in this routine is presented by A. Ralston (ref. 1).
Tho, decomposition of the matrix A is such that A a LU, where L is a lower

. rippgular matrix with l's down the diagonal, and U is an upper triangular

,. atri., The L and U matrices overwrite the matrix A. The computations to
:,obtAih L and U are done using one complex scratch vector (D) and one integer

.vaýto~r (IP) that keep track of row interchanges when elments are positioned

for.size.. If positioning for size is not taken into account, the general

procedure is

which gives the first column of the L and U matrices. Then

a12 u u12

a22 k 21u12 + u22

a12 Z ii U12 + i2 u22 1 3, **, n

gives the second column. The computations for the successive columns continue

in this way, The general equations for the rth column are

air u lr

"a2r - ,2 1 Ulr + U2 r
rr r r 2+ ~ r 4 .,, + P .lr,

Sa r rlUlr r,r- r-lr rr
"ar " •U lr+ + ... •+i U i - r + 1, ... , n
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There are only two differences in the coding used in FACTR and the

coding suggested by Ralston. The first is that double precision variables are

not used for the accumulation of sums, since for the size and conditioning of

the matrices anticipated In core, the computer word length Is sufficient to

insure accuracy. The second difference is that the row and column indices of

the A matrix in the routine have been Interchansed to handle the transposed

matrix.

CODING

The coding is divided into five steps which correspond to the steps

given by Ralston.

FA14 Loop over columns (rows with the interchanged indices used

in the routine).

FAI8 - FA20 Fill D vector with column (row) of A.

FA24 - FA35 Solution for u r (I m l,...,r) In the above equations

takino into account positioning.

FA40 - FA54 Selecting largest value for positioning.

FA58 - FA62 Solution for Iir (I - r + l,...,n) in the above equations.

FA64 - FA66 Printing of small pivot elements,

SYMBOL DICTIONARY

A - input transposed matrix overwritten with calculated LT and UT

matrices

CONJG w external routine (conjugate of a complex number)

D - scratch vector

DMAX - maximum value in D

ELMAG w intermediate variable

I a DO loop index

IFLC w small pivot flag

IP - integer vector storing positioning information

J - DO loop index

JPl W j + 1

K w DO loop index

N - order of matrix being factored

NDIM a dimensions of the array where the matrix Is stored. NDIM ) N

PJ a intermediate variable

rR - intermediate variable
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R a DO loop index

REAL a external routine (real part of complex number)

RMI "R-1

RP1 aR+I
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I SUBROUTINE FACTR (N,AIP,NDZM) FA I
2 C FA 2
3 C SUBROUTINE TO FACTOR A MATRIX INTO A UNIT LOWER TRIANGULAR MATRIX FA 3
4 C AND AN UPPER TRIANGULAR MATRIX USINO THE GAUSS-DOOLITTLE AL@ORITHM fA 4
5 C PRESENTED ON PAGES 411-416 Or A. RALSTON-A MIRIT COURSE IN FA 5
* C NUMERICAL ANALYSIS. COMMNTS MILO• RMCR TO GOW~t[TS IN RALSTONS FA 6
7 C TEXT. (MATRIX TRANSPOSED. FA 7
S C FA I
I COMPLEX A,DARJ FA I

10 DIMENSION A(NDIMhDIM), ZP(NDIM) FA 10
Ii COMMON /SCRATM/ D(S00) FA 11
12 INTEGER RRMIRPIWPOPR FA 12
13 MLO9O FA I1
14 003 RuIN FA 14
Is C FA IS
Is C STEP I VA Is
17 C FA 17
Is DO I Kwt,N FA I1
1i D(K)-A(RK) rA It
20 1 CONTINUE FA 20
21 C FA 21
22 C STEPS 9 AND 3 VA 22
23 C FA 23
24 RMIER-1 FA 24
25 If (RMI.LT.1) O0 TO 4 VA 26
26 DO 3 Jul ,RMi rVA
27 PJDIP(J) VA 27
25 ARJmD(PJ) VA 28
29 A(R,J)mARJ FA 26
30 D(PJ)vD(J) FA 30
3t JPluJI VA 31
32 DO 2 ZuJPI.N FA 32
33 D(I)wD(I)-A(JI)*ARJ FA 33
34 2 CONTINUE rA 34
35 3 CONTINUE FA 30
39 4 CONTINUE FA 36
37 C VA 37
38 C STEP 4 VA 38
39 C fA 39
40 DMAXR1AL(D(R)*CONJO(O(R))) rA 40
41 IP(R)-R FA 41
42 RPImR+I VA 42
43 IF (RPIGT.N) 00 TO 6 FA 43
44 DO 5 IwRPI,N VA 44
45 [LMAOmRCAL(D(I)4CONJO(I(Z))) rA 45
46 ir (ELMAO.LY,DMAX) O0 TO S FA 46
47 DMAXmELMAO FA 47
46 IP(R)WI FA 48
49 5 CONTINUE fA 49
50 6 CONTINUE fA 30
S1 IF (DMAXLTl,£"1O) IFLOml VA sI
52 PRNIP(R) VA 52
53 A(R,A)wD(PR) VA 53
54 D(PR)=D(R) rA s4
SB C VA 55
56 C STEP 5 VA se
57 C rA 57
58 Ir (RPI.OTN) 00 TO I VA 56
Be ARJul,/A(RR) rA 59
s0 DO 7 IoRPIN VA 60
61 A(R,I)ND(I)OARJ rA 61
62 7 CONTINUE rA 62
63 9 CONTINUE FA 63
64 IF (IFLO.,O.O) GO YO I rA 64
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Is PRINT 10, R•i'!,X FA 65
46 zrLOmO FA 66
67 9 CONTINUE FA 67
so I6 F.TURN FA 66
Go C FA 6I
70 10 FORUAT (14 IoHPZVOT(,Z32NH)w.Ilf.) VA 70
71 tND FA 71-
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FACTRS

PUaPOSE

To call the appropriate subroutines for the LU decomposition of a matrix.

I4ETIOD

The operation of FACTRS depends on the mode of storae of the matrix as

determined by the value of ICASE (see COMVONhIATPAI/ in Section tlI). For

ICASS a I subroutine FACTR is called at 2156 to factor the matrix. For

ICASS a 2 FACTR is called for each of the HOP submatricese It 101S1 m 3 FACIO

and LUNSCR are called at F823 and V824, FACIO read# the matrix from file IU1

and writes the result on file MU2. LUBSCP leaves the final result on file IU3,

For ICASE a 4 (symmetry, submacricee fit in core) or ICA219 x 5

(symmetry, submatrices do not fit in core) the matrix elements on file IUI are

written in a new order on file W12. from 1529 to 1646o The sequence of data on

file IU is

column I of submatrix I

column 1 of submatrix 2

column I of submatrix MOP

column 2 of submatrix 1

column 2 of submatrix hOP

column 3 of submatrix 1

column NPBLK of submatrix HOP

The matrices are written onto fiLe IU2 in the sequence

column I of submatrix I

column 2 of submatrix I
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column NPBLK of submatrix 1

column I of submatrix 2

column HPBUA of submatrix HOP

For ICASI" 4 each. subibatrix is rhen ated into memory ot FSSS and decomposed
into LV facorst, by calling FACTR at: FS60# The~factlored matricese re writtren

"rto foile, the... ro.
, ' ,,.,•,, rlO~G..,,t~he ýmatticas are Ctrnsforrad from file IU2 to IUl at PS76

tCo 7877. Subrout'ine FACIO is then nailed •o f*4tor all of the HOP

eubmatrites, -The reseulti Is-eIt an f ile U•''LUNSCR reorders the rowe of

eich'maei*,*h4 le~aves t;he trsu~lt ion WU3

A , a array for matrix storage

12 m number of words in a block

IGOLS a number of columns in a bloch

IF w array for pivot element indices

I11 UZ21 IRRII IRR2 a row indices for recordering column@

LUIU IU21 1U3. IU4 a file numbers

1X a arrAy of pivot element date

KA a starting location of a submatrix in the array

NOP - number of symmetric sections

NP a number of equations for sach symmetric section

(order of sbrbmatrix)

N'RQ a tor.tl number of equations (NP x HOP)
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I SUBROUTINE FACYRS (NP,#4RO~,AZPZX,ZUi.IU2,IU3,IU4) Fs
2 0 FS 2
4 C MACTRAS, FOR N SYMMETRIC MODCTUES TANDFRM AL SROUTRINE TO FAC ORM FS 3
3 C MACTRICS OFOR H SYMMETRIC ST OCTDES TANDCALLS ROUMTRINIE TFATOFRM vs 4
5 C MATRICIES. If NO SYMMETRY, THE ROUTINE IS CALLED TO FACTOR THE FS 5
S C COMPLETE MATRIX. FS 6
7 C FS 7
6 COMPLEX A FS I

9 COMMON /MATPAR/ :CASC,NILOKS,NPILK,NLASTNILSYM,NPSYM,NLSYM,IMAT,Z FS 9
10 ICASX,NUIX,NPSX,NLUX,NIUL,NPILNI4L 5l 1O
11 DIMENSION A~l), IP(NWRO), IX(NROW) US 11
12 NOPONNRW/NP FS 12
13 IF (1CASE.OV.2) 00 TO 2 FS I3
14 00 1 KKui,NOP FS 14
15 KAw(KX-i)*NP4I vs 15
i6 I CAI.L FACIR (NP .A(KA),IP(KA)INNRW) FS is
17 RETURN Vs 17
Is 2 IF (ZCASEOGT.3) 0O TO 3 FS Is
it C US 19
20 C FACTOR SUBMATRMIE5. OR rACTOR COMPLETE MATRIX IF No IflINETY FS 20
21 C EXISTS. FS 21
22 C FS 22
23 CALL FACIO (A.NC#W,NOP,IX,IUI,1U2,1U3,ZUA) FS 23
24 CAll LUNSCR (A,NROW,NOPIP.IX,IU2IIUS,1U4) rS 24
25 RETURN FS 25
26 C Fs 26
27 C RLWRITE THE MATRICES BY COLUMNS ON TAPE 13 FS 27
28 C vs 28
29 3 I2m2*NPILKONROW FS 29
S0 REWIND IU2 FS 30
31 00 5 KUI ,NOp rS 31
32 REWIND IUi Fs 32
33 ICOLSmNPILX FS 33
34 IR2uK$NP FS 34
35 00 5 Lul NDLOR P'S 35
36 O ZRI lR2NPBlO F$ 36
37 IF (NULOXS.EO1l.AND.K,0T.1) 00 TO 4 FS 37
3I CALL *LCKIN (A.10.1.12.1.602) FS so
39 IF (L.(Q.NILOXS) ICOLSwNLAST 7s 39
40 4 IRRimIRl FS 40
41 IRR2wZR2 vs 41
42 DO 5 ICOLDXI,ICOLS rs 42
43 WRITE (1U2) (A(l),IuRRlIRR2) FS 43
44 IRRImIRRI.NROW VS 44
45 IRR2,aIRR2.NROW FS 45
41 5 CONTINUE rS 46
47 REWIND ZUI vs 47
48 REWIND 102 r! 46
49 lp (ICA1SEEO.5) 00 TO I FS 49
5D REWIND IU3 vs so
51 IRRlwNP'NP FS 51
52. 00 7 KKml,NOF FS 52
53 IRlwl-NP rs 53
54 IN200 FS 54
55 0061 .10,Np FS 55
so IRlwIRl+NP FS 56
57 1R2w1R2+NP FS 57
5o I READ (102) (A(J),JulRiIR2) FS 55
of KAN(KK-t)*NP+i vs so
so CALL FACIR (NP,A.IP(9A).NP) rs so
Gi WRITE (ILUS) FAIuRI S 61
02 7 CONTINUE FS 62
63 REWIND IU2 FS 63
64 REWIND IU3 FS 64
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as RETURN 75 65
66 a 12m2*NPSYM*NP FS 66
67 DO 10 KKEI,NOP ris 67
Go JI2uNPSYM rsG
ItS DO 10 LmI,NILSYM FS so
70 IF (LE.MNILSYM) J2mNLSYM ri 70
71 IRlul-NP VS 71
72 1R2w0 VS 72
73 0001 Jml,J2 FS 73
74 IkimZI+iNP FS 74
75 IR2uZR2eNP VS 75
7609 READ (1U2) (A(z),I " RI IR2) FS 76
77 10 CALL OLCKOT (A,IUiltii2,,13) VS 77
76 RWIND ZUI VS 76
70 CALL rAcIo (A,NP,NOPIIX,1U14:U2 4U3,1U4) VS 79
s0 CALL LUNSCR (A,NP,NOP,IP,ZX,ZU2,VJ3gZU4) VS so
61 RETURN VS 16I
82 END VS 62-
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FBAR

PURPOSE 4 1
To compute the Sommerfeld attenuation function for Norton's asymptotic

field approximations.

KiETiIOD

The value returned for FIAR is

F(P) - 1 - J A exp (-P) 11 erf(jl0)]

where erf(z) is the error function. If IJv07 S 3 the value of erfQ(•P) is

computed from the series

erf(s) a . 12 n, ( 2n +1

For IJ 'l > 3, F(P) is evaluated from the first six terms of the asymptotic

expansion

z exp(z 2) (1- erf(s))R1 + (- 1 ) m1 3 ... (2H 1)
(2s21

for z * =, larg(z) l< -

SYMBOL DICTIONARY

ACCS * relative convergence test value

MINUS - I if Re(z) < 0

P uP

POW; (-I) n , 2n~l/n:'

SMS w magnitude squared of series

SP - V7

SUm z Aeries value
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TERM - term in the series

THS a ITERMI 2

TOSP -2r
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I COMPLEX FUNCTION FBAR(P) FP
2 C FR 2
3 c FBAR IS SOMMERFELD ATTENUATION FUNCTION FOR NUMERICAL DISTANCE P FR 3
4 C FR 4
5 COMPLEX Z.zs,sUMPOW',TERM.P.rJ F
6 DIMENSION FJX(2) FR 6
7 EQUIVALENCE (FJ.FJX) FR 7
a DATA TOSP/1I.128379167/,ACCS/1 .E-12/,SP/1.772453851/.FJX/0..t./ FR I
2 ZaFJOCSORT(P) FR 9
to IF (CASS(Z).CT.3.) 00 TO 3 FR 10
11 C FR I I
12 C SERIES EXPANSION FR 12
13 C FR 13
14 ZSwZ*Z FR 14
15 SUMEZ FR 15
16 POsWuZ FR 1S
17 DO 1 Imi,100 FR 17
Is POW*-POWOZS/rLOA1(I) FR IS
19 TCRMsPOW/(2.*41I.) FR 19
20 SUMmSUM+TERM FR 20
21 TMS=REAL(TERMOC0NJO(TERM)) FR 21
22 SMS=REAL(SUM*CONJO(SUM)) FR 22
23 IF (TMS/SMS.LT.ACCS) 00 TO 2 FR 23
24 1 CONTINUE FR 24
25 2 FIARui.-(1 ,-SUMSTOSP)*Z*CEXP(ZS)*SP FR 25
20 RETURN FR 26
27 C FR 27
28 C ASYMPTOTIC EXPANSION FR 25
29 C FR 22
30 3 IF (REAL(Z).GE.O.) 00 TO 4 FR 30
31 MZNUSmI FR 31
32 Za-Z FR 32
33 GOOTOS F R 33
34 4 MINUSSO FR 34
35 5 ZSM../(Z*Z) FR 35
36 SUMv(..O,O) FR 36
37 TERMw(l.f0.) FR 37
38 DO 6 1.1,6l FR 38
39 TCRMw-TERU*(2.*I-1.)*2S, FR 39
40 6 SUMwSUM+TERM FR 40
41 IF (MINUS.EQ.I) SUMnSUM-2.*SPOZOCEXP(Z$Z) FR 41
42 FBARW-SUM FR 42
43 RETURN FR 43
44 END FR 44-

Lm 
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FBLOCK

10 PURPOSE

To met parameters for storage of the interaction matrix.

METHOD

FBLOCK sets values of the parameters ICASI through NLSYK in

CONMON/MATPAR/. The input parameters NROW and NoOL are the number of rows and

columns in the non-transposed matrix. IIAX is the number of matrix elements

that can be stored in the array in COOM4ON/CMB/. If a NOF file will be written

(WG card) then IRNGF complex locations are reserved for future use. If a NGF

file has not been requested then IRNGF is seroe

If (NROW)(NCOL) ( IMAX - IRNGF the complete matrix can be stored in

COMON/CMB/. ICASE is then I for no symmnet7 or 2 for symmetry. If the

structure has symmetry and one submatrix fits in core but not the complete

matrix,

(NROW)(NCOL) > IMAX - IRNGF

NROW2 < IMAX - IRNQF,

then ICASE is 4.

If the matrix cannot fit in core for the LU decomposition then it is

divided into blocks of rows (columns of the transposed matrix) for transfer

between core and file storage. rhe blocks are made as large as possible so

that one block fits into IMAX- IRAGF locations and two blocks fit into IMAX

locations. Since two blocks are needed in core only during the Gauss

elimination process this makes at least IRNGF locations available during the

WGF solution.

CODING

FBIO - FB17 ICASE w I or 2

FB20 - FB32 ICASE = 3

FB34 - FB40 ICASE - 4 or 5, block parameters for whole matrix

FB42 - FB46 ICASE a 4, block parameters for submatrices

FB49 - FB58 ICASE a 5, block parameters for submatrices
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FB65 - FB71 S matrix for rotational symmetry (Equation tU! of Part 1)

FB75 - FB88 S matrix for plane sywatry

ARG - 21(l - )(O - 1)/MOP

It4AX s number of complex numbers tnat han be stored in COZMON/CHB/

IMXl s IKAX - IRNGF

IPSYZ w parameter from COMWON/DATA/

IRNOF s array storage reserved for NGF

KA m number of.planes of symmetry

NCOL * number of columns in matrix

NOP • number of symmetric sections

NROW = number of rows in matrix

PHAZ - 2T1/NOP

0

-136-



MBOCK

I SUBROUTINE FILOCK (NROW.NCOLIMAX.IRNGF.IPSYM) Vs
2 C FBLOCK SETS PARAMETERS FOR OUT-OF-CORE SOLUTION FOR THE PRIMARY F9 2
3 C MATRIX (A) 78 3'44 COMPLEX SSX,OETER FB 4
5 COMMON /MATPAR/ ICASE,NILOKS,NPIU(,NLAST,NSLSYM,NPSYM,NLSYMZMATI F6 7 5
6 ICASX.NBBX,NPIXNLSX,NBDL,NPSLNLUL 79 6
7 COMMON. /SMAT/ SSX(16,16) f9 7
a IMXisIMAX-IRNor 7S 8
9 IF (NROWONCOL.CT.IMXt) 00 TO 2 FB 9
10 NILOKSul re 10
11 NPBLKwNR0W 79 11
Q2 NLASTuNROAt FS 12
13 IMAT.NROWONCOL re 13
14 IF (NROW.NE.NCOL) 00 TO 1 79 14
is ICAStul VS 1s
16 RETURN re i6
17 1 ICASEm2 f6 17
Is 00 TO 5S re 8i
19 2 IF (NROW.NE.NCOL) 00 TO 3 re ig
20 ICASEw3 79 20
21 NPOLKnIMAX/(2*NCOL) rB 21
22 NPSYM=ZMXi/NCOL 79 22
23 IF (NPSYMLT.NPBLK) NP9LKwNPSYM 75 23
24 IF (NPOLK.LT*1) GO TO 12. 71 24
25 NBLOKSm(NROW-1/NPILK VS 25
26 NLASTONROW-NOL0KSONPOLk( F 26
27 NBLOKS=N9LOKS~l F9 27
28 NILSYMuNSLOKS FS 28
29 NPSYMWNPILK Fl 29
30 NLSYMmNLAST r8 30
31 IMA~aNPSLKONCOL re 31
.32 PRINT 14, NOLOKSNPOLK.NLAST 79 32
33" Go0y011 17m 33~
34 3 NPOLKnM~hAX/NCOL re u4'035 IF (NPOLK.LT.1) 00 TO 12 75 35
36 IF (NPILK.GT.NROW) NPILKwNROW F9 36
37 N9LOKSu(NROW-1/NPBLK( JB 37
38 NLAS~wNR0W-NBLOKSfNP9LK 79 38
39 N0LOKSwNBLOKS41 79 39
40 PRINT 14, NOLOKS.NIPLK,NLASY VB 40
Ai IF (NROWONROW.GT.IkXl) GO 70 4 re 41
A2 ICASEz4 VS 42
43 NOLSYMal r9 43
44 NPSYM'mNROW F9 44
45 NLSYMUNPOW FS 45
A6 IMA7=NRQVONROW F9 46
47, PRINT iS F9 47
As 00 TO 5 r6 48
49 4 ICASEv5 FB4
60 NPSYMIMAX/(2*NROW) 75 50
51 NOLSYM=IMXI/NROW FS51S
52 IF (NSL.SYMLTNP$YM) NP$YMuNBLSYM F8 52
53 IF (NPSYM.LT.1) GO TO 12 FS 53
54 NBLSYM%(NROW-¶ )/NPSYM FS 84
55 NLSYM=NROW-NOLSYMONPSYM FN 55
56 NBLSYMuNBLSYM+1 F8 56
57 PRINT 16, N8LSýM.NPSYM.NLSYM F8 57

58 IMATNPSYM*NROW FO 58
59 5 NOPuNCOL/NROW VS 59

so IF (NOPONROW.NCýNCOL) G0 To 13 78 60
61 IF (IPSYMOT 0O) 00 TO 7 FS 61

62 c F9 62

63 C SET JP SSX MATRIX FOR ROTATIONAL SYMMEIRY. FS 63

64 C FB 64
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65 PHAZu6. 2831653072/NOP F9 65
66 DO06 1a2,NOP FB 66
67 00 6 JuI,NOP F8 67
68 AR~wPHAZ*FLOAT(I-I )*FLOAT(J-1) re so
62 SSX(I,J)mCMPLX(COS(ARO).SIN(ARO)) F9 62
70 6 SSX(JlI)uSSX(!.j) FIB 70
71 00 T011 F8 71
72 C F9 72
73 C SET UP SSX MATRIX FOR PLANE SYMMETRY FS 73
74 C *F9 74
75 7 KKwI Fl 75
76 SSX(1,1)a2.1O,) Fl 76
77 IF ((NOP.CQ.2).OR.(NOP.Co.4).oR.(NOP.go.8)) 00 TO I Fl 77
76 STOP FIB 76
72 B KAuNOP/2 re 7
s0 IF (NOP.EQ.10) KAR3 FmB 60
al DO 10 KW1 KA Fl 81
62 DO09 Imi,BxK FIB 62
63 00 9 JwlKK FIB 63
84 DCTERu5SX(I,J) FS 64
65 SSX(I,J+KK)COCTER Fe BS
86 S5X(I+KKJ+Kg)m-DETER Fm as
67 9 SSX(I+KK,~J)uDETER re 87
66 10 KKuKK*2 F8 8s
so li RETURN Fl 59
10 12 PRINT 17, NROW,NCOL FIB 90
91 STOP Fm 91
92 [3 PRINT 1S, NROW.NCOL F9 92
93 STOP FIB 93
04 C Fl 94
95 14 FORMAT (//35H MATRIX FILE STORAGE - NO. *LOCKS0,IS,1914 COLUMNS PC F6 95
96 IR ILOCKn,15,2314 COLUMNS IN LAST *LOCKUI5) FIB 96
97 Is FORMAT (25H SUIMATRICIES FIT IN CORE) Fl 97
98 16 FORMAT (36H SUBMATRIX PARTITIONING - NO. *LOCK~moI519H COLUMNS P F0 96
99 ICR *LOCKE,15,23H COLUMNS IN LAST *LOCKU,I5) FIB 99

100 17 FORMAT (40H ERROR - INSUFFCIENT STORMO FOR MATRIK,21) re too
101 le FORMAT (28H SYMMETRY ERROR - NROWNCOLu,2I5) Fm 101
102 END Fe 102-
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FBNGF

PURPOSE

To set parameters for storage of the matrices S, C and D for the NOF

solution.

METHOD

The modes of matrix storage for the NOF solution are described in

Section VIII. FBNGF choses the smallest ICASX (1 through 4) possible given

the size of the matrices A, B, C and D and the space available in the array CM

in COHMON/CKB/. If B, C and D must be divided into blocks (ICAIX w 3 or 4)

the blocks are chosen are large as possible to minimise the number of input

and output requests. Parameters specifying the number and size of blocks are

stored in COMMON/MATPAR/ (see Section III).

FBNOF also sets the locations in CK at which storage of B, C and D

start. For example, CI(OCII) is passed from the main program to subroutines

CMNGF and FACGF as the starting location of array C.

SYMBOL DICTIONARY

IBll a location in CM at which storage of B starts

ICUl w location in CH at which storage of C starts

IDlI a location in CH at which storage of D starts

IKAT - number of complex numbers in AF

IR a space available (complex numbers) in CM when AF is not being

used.

IRESRV - total length of CM

IRESX a space availabe in CM when AF is being used

IXII - location in CM at which storage of B starts when A B is

computed (AF occupies space in CM)

NBCD - number of complex numbers in B, C and D combined

NBLN w number of complex numbers in B or C

NDLN w length of D

NEQ - number of rows in B, columns in C

NEQ2 w number of columns in B or D, rows in C or D

0
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I SUBROUTINE rINOF (NEQ.NEa2.zmcsmV.1h¶¶,zCIltzoll,zxtt) rN i
2 C rINor SETS THE BLOCKING PARAMETERS FOR THE 9. C. AND 0 ARRAYS FOR FN 2
3 C OUT-Or-CORE STORAGE. TN 3
4 COMMION /MATPAR/ ICASCNILOKS,NPULK,NLAST,NULSYM,MPSYM,NLSYM,ZMAT,I FN 4
5 ICAUXNUIX ,NPIX MLIXNEIL ,NPSL,NLSL FN 5
* ZRESX.ZRESRY-IMAT FN
7 NILNWNEO$NCQ2 TN 7
a NDLN.NIQ2*N902 TN 8
9 NBCDm29NILN+NDLN rN 9
10 IF (NICO.GT.IRESX) 00 TO I TN 10
11 ICASXml TN il
12 IbluiwMAT.1 7N 12
13 GOCT02 rN I3
14 1 IF (ICASC.LTS) 00 TO 3 FN 14
Is IF (NmCo.oT.ZREsRv.QR.NBLN.Gr.1mESK) 01) TO 3 rN 15
Is ICASXw2 FN 16
17 19110. FN 17
18 2 NSIXal rN 15
ig NPIXwNEQ TN 19
20 NLIXwNEQ TN 20
21 NelLUI TN 21
22 NPILoNE02 TN 22
23 NLILoNEQ2 TN 23
24 0070O5 TN 24
25 3 IRuIRESRV FN 25
26 IF (ICAS1.LTS) IRIRESX TN 26
27 ICASX=3 FN 27
28 IF (NOLNGT.IR) ICASX24 TN 2o
23 NDCDm2*N9Q+NEQ2 TN 29
30 NPI~vZR/NBCD TN 30
31 NLI~u!R/(2*NE02) TN 31
32 IF (NLIL.LT.NPBL) NPILmNLIL TN 32
33 IF (ICASE.IT .3) 00 TO 4 FN 33
34 NLILuIRCSX/NIO TN 34
35 Ir (NLIL.LT,NPIL) NPULUNLIL FN 35
36 4 ZT (NPIL.LT.1) GO TO 6 TN 36
37 NIBLw(NE02-I )/NPIL TN 37
38 NL8LmNCQ2-NBBL#NPlL FN 30
39 NIULmNUUL4.l TN 39
40 NUL~aNEQSNPIL FN 40
41 IRwIR-N9LN TN 41
42 NPBX=IR/NE02 TN A2
43 IF (NPBX.GTNEO) NPBXmNEQ FN 43
44 NB9Xm(NEO-l )/NP9X FN 44
45 NLDXwNEQ-NB6X6NPIX TN 45
46 NIUXmNISX+¶ FN 46
47, 1011.1 TN 47
48 IF (ICASE.LT.3) IUI1EIMAT4I FN 48
49 S ICllxI91I+N8LN FN 49
so IDli1IC1ilNBLN TN 50
51 IXII*IMAT+l rN 5I
52 PRINT li, NC02 TN 52
53 Ir (ICASXO.E1.) RETURN rN 53
54 PRINT 6, ZCASX FN 54
55 PRINT 9, NBOX,NPBX,NLIX TN 55
56 PRINT 10, N9BL,NP8L,NLIL TN 56
57 RETURN TN 57
54 I PRINT 7, IRESRVIMAT,NCO.N[Q2 TN 58
so STOP TN 59
6O C TN 60
61 7 FORMAT (55H ERROR - INSUFFICIENT STORAGE FOR INTERACTION MATRZCZCS TN 61
62 1,24H4 IRESRY,IMAT,NEOSNE02 -.415) FN 62
63 a FORMAT (48H FILE STORAGE FOR NEW MATRIX SECTIONS - ICASX N.12) FN 63
64 9 FORMAT (19H 0 FILLED BY ROWS -.15X,12HNO- BLOCKS u.13,3XIOHROWS P FN 64
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65 1CR BLOCK w.3,3X,2OHROWS IN LAST BLOCK m,13) FN 65
66 10 FORMAT (32H U BY COLUMNS, C AND 0 BY ROWS -,2X,12HNO, BLOCKS mwI3, FN 86
67 14X,I5HR/C PER BLOCK u,?3,4X,19HR/C IN LAST BLOCK u.13) FN 8'
68 ¶1 FORMAT (//,35H N.G.F. - NUMBER OF NEW UNKNOOd IS,14) FN $8
69 END FN 6o-

0

0
-141-
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FFLD

PI¶POSE

To calculate the radiated electric field due to the curr ents on wires

av,4 turfacee in free space or over ground. The range factor exp(-Jkr 0 )/

(r0/I) is omitted.

METHOD

Equation (126) of Part I is used to evaluate the radiated field of wires

and surfaces. The surface part of the equation is evaluated in subroutine

"f'LDS, however. ror wires, the field equation is

jfl oxp(-Jlcr 0 ) -

(-0)- 2r jf expoji .7 ) [T{)/Xl ds/A

where

kk 701170

k -V/
1' k

T(s) c u~rrent on Lhe wire at a

1 * identity dya4

L - contour of the wire

r * position of the point at a on the wire

The dot prodict with the dyad U& - I results in the component of F transverseA

to k. This is accomplished in the code by computing the dot products with the

unit vectors e and ,, normal to k.

For a wire structure consisting of N straight segments, r on segment i

is replaced by

r w ri + Atui

where

r, a location of the center of segment i

Ii. W unit vector In the direction of segment i
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Then, F is evaluated as

i~it
Qi"- 21Tu i -Aj/2 exp U 27r(kA l, li(t)/X dt

where A. is the length of segment I norualimed to X. With

Ii (OA a A1 + B sin (21rt) + C1 con (2wt)

the integral can be evaluated as

Q 1JA 2 slin (irv1  -~ [sun 171" - w M~ 1 sin [¶Tr + w1)M1I 1
i a, 1A1  I + w(1i.. .) j

+ 0, [,•.4Sl,,omv-,,,Aie] +- "" AS1,(.U++ , . i ,,.eI ,..

wherewi--. ui.

The effect of a $round ii included by computing the field of the image of
each segment and modifying it by the Fresnel reflection coefficients. The

coding here differs from section 11-4 of Part I in some respects. Rather than

reflecting each segment in the ground plane, the direction of observation, Q,
is reflected for the image calculation. Thus, the sipn of the a component of

k is changed at the start of the iuoge calculation. The a component of the

image field must also be changed in sign at the and of the calculation.

Alao, the change in sign of the image field due to the change in sign of

charge on the image is combined with the reflection coefficients. Thus, the

reflection coefficients are the negative of those in Part I.

The code allows for a change in ground height and electrical parameters

at a fixed radisl distance from the origin (circular cliff) or at a fixed

distance in x (linear cliff). In these cases, the reflection point of the

ray from the center of each segment ts computed, and the reflection coeffi-

cdent8 and phasn lag are computed for the appropriate gronld. Effects from

the region of change, such as diffraction from the edge, are not includei,
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however. A radial wire ground screen may also be included by the reflection

coefficiont approximation described in section 11-4 of Part I.

CODING

FF30 - FF164 Calculation of field due to seguente.
FF34 - FF164 Loop over direct and image fields.

FF38 - FF63 Reflection coefficients computed.

FF64 k reflected in ground for image.

FF65 - P770 Direct fields saved, and CIX, CRY, CIZ initialized before

image calculation.

FF75 - FF96 Field of segment I computed.

FF102 - 77104 Summation of fields for direct field or uniform ground.

F7110 - FF149 Appropriate aflection oveffigient determined and field

sumed for reflected field from two-sedium ground or

radial-wire ground screen.

71156 - FF159 Image field multiplied by reflection coefficients for

uniform ground and added to direct field.
FF161 - FF163 Reflected field added to direct field for two-medium

groutid or radial wire ground.

FF166 - 7F167 Dot products of f with tand 0 for wires only.

FF169 - FF208 Calculation of field due to surface patches.

FF177 - FF203 Loop over direct and image fields.A

1F179 k reflected for image.

FF180 FFLDS calculates field.

FF186 - FF202 Field multiplied by reflection coefficients for uniform

ground only.

SYMBOL DICTIONARY

A w 2 sin (w IAI)/vi (a series 4J uied for smAll wv)

ARC ý ;
B a coefficient of B in

BOO a sin [r(l - w.) t]/[•(1 - wi) tb

BOT - n(l - Wi

C W coefficient of C in

CAB

SAB o x, y, z components of 01

S A L P 1
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CCX

CCY * variables for summation of x, y, and z components of
CCY
CczJ

CDP C(F- (RV - )
CIX

Cl¥ - variables for summation of x, y, and z components of
CIZ

CONST w CONSX - "*n/411

D w distance of ray reflection point from origin

DARG w phase increment due to change In ground level

EL - •Ai

EPH - 0 component of (r 0 /)X)exp(jkr 0 ) E(1O)

ETH w e component of (r 0 /)/)exp(jkr 0 ) E(rO)

ETA " n U V PT
EX

BY U (T0 /X)exp(jkr 0 ) TO(r0 ) for patches
EZ

EXA a
S0 GX

GY J (r 0 /X)exp(jkr 0 ) •r•0) for direct and reflected fields of patches

GZI

I w segment number

OMBGA w

PHI

PHX, PHY * x and y components of 0

RFL - ±1 for direct or image field of patch

R1 - imaginary part of
ROX

ROY =x, y, and a components of k

ROZ

ROZM c saved value of ROZ

RR - real part of Q5

RRH -RH

RRHl - -RH, for first ground medium

RRH2 - for second ground medium

-1Z45--



FFLD

RRV - RV

RRV1 - -Rv for first ground medium

RRV2 - -Rv for second ground medium

RRZ - z component of k

SILL - ia

THET w 0 (angle from vertical to k)

THX

J ATHY
THZ

TIX

TIY Q i for image in ground

TIZ

TOO s ain[n(l + w )M ]/[7((l + v ) l

TOP • r(i+ * w M

TP 2•

TTHET * tan e
ZRATI - Cr - J0/(wO0)]-1/12  C, Ia - round parameters

rr
ZRsL1N -[ - (ZRATI) 2 sin2 011/2

ZSCRN * surface impedance of ground with radial virv ground screen

CONSTANTS

-29.97922085 a -jn/(4nr)

3.141592654 - it

376.73 a n

6.283185308 a 2r

0
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I SUBROUTINE 7710 (THCT.PHIFTH,7.PH) FF I
2C 77 2
3C FFL0 CALCULATES THE FAR ZONE RADIATED ELECTRIC FIELDS. 77 3

4C THE FACTOR EXP(J*K-R)/(R/LAMDA) NOT INCLUDED 77 4

6 COMPLEX CIX,CIYCIZ.EXA,ETH,EPHC0NSTCCX,CCYCCZ,C0PCUR 77 S

11 2300),WLAM,IPSYM FF 11
12 COMMON /ANGL/ SALP'(3OO) rr 12
13 COMMON /CRNT/ AIR(3OO).AI?(30O),UIm(SO0),9II(3OO),CzR(3OO),CIX(3OO 77 13
14 1),CUR(900) 77 14
Is COMMON /GND/ZRATI,ZRATI2,rRATI,CL.CH,SCRWLSCWR, NRADL.KSYMP.IrAR, F7 15
10 IIPERr,T¶,T2 77 16
17 DIMENSION CAICI), SAU(l), CONSX(2) 77 17
is EQUIVALENCE (CAB,ALP), (SASSET), (CONST.CONSX) 77 18
19 DATA PI.TP,ETA/3.14t592654,6.2I31$5OS,.376.73/ F77 19
20 DATA CONSX/0.,-29,97922085/ 77 20
21 PHXu-S7N(PHI) 77 21
22 PHYnCOS(PHI) 77 22
23 ROZ=COS(THET) 77 23
24 ROZSuROZ 77 24
25 THX=ROZIPHY 77 25
20 THYa-ROZ*PHX rr 28
27 THZ=-SIN(THET) 77 27
28 ROX=-THZ*PHY 77 28
29 ROY=THZOPHX F7 29
50 IF (N.EO.O) G0 T0 20 77 30
31 C 77 31
32 C LOOP FOR STRUCTURE IMAGE IF ANY 77 32
33 C 77 33
34 DO 19 Kul,KSYMP 77 34
35 C 77 35
36 C CALCULATION 07 REFLECTION COErFECIEN1S 77 36
37 C 77 37
38 Ir (KEQI) GO TO 4 77 38
39 IF (IPERF.NE 1) GO TO ¶ 77 39
40 C 77 40
41 C FOR PERFECT GROUND 77 41
42 C rr 42

44 RRHm-(1 .0.) 77 44
45 GO0TO2 77 45
46 C rr 46
47 C FOR INFINITE PLANAR GROUJND 77 47
48 C 77 48
49 1 ZRSZN=CSQRT(1 -ZRATI$ZRATT'THZOTHZ) F7 49
50 RRV:-(ROZ-ZRATIOZRSIN)/CROZ+ZRATIZIR$IN) Fr 5o
51 RRH-(ZRATI'R0Z-ZRSIN)/(ZRATIOROZ+ZRSIN) 77 51
52 2 IF (IFAP.LE,) G0 TO 3 F7F 52
53 C 77 53
54 C FOR THE CLIFF PROBLEM, TWO REFLCTION COEFrICXENTS CALCULATED 77 SA
51; C F7 55
56 RRVI=RRY FF 56
57 RRHI=RRH 77 57
so TTHET--TAN(TIIET) F7 5&
59 IF (IFAR.EO.4) 0O TO 3 Fr 59
60 ZRSINl=CSORT(1 .-ZRATI20ZRAT120THZ0 THZ) F 0 60
61 R~V2=-(ROZ-ZRAtl2*ZRSIN)/(POZ+2RAT120ZRSIN) Fr 61
62 kPH2=(ZRAT120ROZ-.ZRSIN)/(ZRA1120ROZ+ZRSIN) 77 62
63 DARG=-TP*2.*CH$R0OZ 77 63

64 3 ROZ=-ROZ 77F 64
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05 CCxuC~x 77 65
se CCYxCIY 77 66
67 CcZuCIZ Fr 67
66 4 CIxE(o.,o.) FF 68
69 CZYM(0.,0.) 77 69
70 CIZu(O,.O.) r7 70
71 C 77 71
72 C LOOP OVER STRUCTURE SCOMCNTS 77 72
73 C 77 73
74 DO 17 ImIgN 77 74
75 OUEOAE-(ROX'CAI(I)+ROY*SAU(I)4ROZ*SALP(2)) 77 75
76 ELnPI*SS(I) 77 76
77 StLLUOM1EOA0EL 77 77
'76 TOPft9L*SZLL Ft 78
70 POTuCL-SZLL 77 79
80 IF '(A9S(OMdEGA).LT,.IE-7) 00 TO 5 77 s0
81 -Au2.SSIN(SILL)/OMECA 77 oil
02 Go; 1o f 2
65 5 Au(2.-0OIE0A*0dEOA*tL*EL/3.)*[L 77 63
64 6' IF (AIS(TOP).LT.I.E-7) 0010O7 77 81
as TOORSIN( TOP)/TOP 77 65
'66 Go0t TO 77 66
67 7 TOOmi.-TOPOTOP/6. 77 67
as a Ir (ABS(BOT).LT1I.E-7) 0O0 O 70 66F 8
so *OOwSIN(gOT)/IOT 77 89
00 0000 TOi7F 90
01 1 900a.1 -BOTIOT/6, 77 01
92 10 IuCLO(B0O-TOO) 77 12
93 CxEL*(BOO+TOO) 77 13
04 RRuA*AIR(I)+S'SII(I)+C*CIA(I) 77 14

96 AROuTP.(X(I)*ROX.Y(I)*ROY+Z(I)OROZ) 77 9s
97 IF (KEO.2.ANDIrAR.GE.2) 00 T0 11 77 97
05 CXAuCMPLX(COS(AR0),SIN(AR8))OCMPLX(RR.klI) 77 s6

99 C 77 990
100 C SUMMATION FOR FAR FIELD INTEGRAL 77 100
i01 C 77 10i
102 CIXuCIX+CXA*CAB(I) 77 102
103 CIYmCIY+EXA$SAB(I) 77 103
104 CIZwCIZ+[XA*SALP(1) r7 i04
105 00 70 17 Fr In5
106 C 77 106
107 C CALCULATION 0F IMAGE CONTRIBUTION IN CLIFF AND GROUND SCREEN 77 107
106 C PROBLEMS. Fr 105
log C 77 109
110 ¶1 DRxZ(I)$TTHET 77 110
Ill C 77 Ill
112 C SPECULAR POINT DISTANCE 77 112
113 C 77 113
114 D=DR*PHY4X(I) 77 114
115 IF (IFAR.EO.2) GO TO 13 77 115
116 DinSORT(D4D+(Y(I)-0R*PHX)**2) 77 116
117 IF (IFAR.EQ.3) GO TO 13 77 117
lie IF ((SCRWL-0).LT.0.) 00 TO 12 rr lle
119 C 77 Ill
120 C RADIAL WIRE GROUND SCREEN REFLECTION COEFFICIENT 77 120
121 C 77 121
122 0-0+T2 77 122
123 ZSCR~wI.T*0*ALOG(D/T2) 77 123
124 ZSCRNu(ZSCRN*ZRATI)/(CTA'ZRATZ4ZSCRN). 77 124
125 ZRSINuCSQRT(1 *-ZSCRNSZSCRN*NIYOTI4Z) r7 125
126 RRVu(ROZ+ZSCRN*ZRSIN)/(-ROZ+ZSCRN*ZRN~t) 77 126
127 RRH=(ZSCRNOROZ+ZRSIN)/(2SCRNIROZ-2RSIN) 77 127
128 00 TO 16 77 128
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129 12 Ir (IFAR.EQ.4) GO 70 14 FF 129
130 IF (SPARCO0.5) DwDR*PHY+X(I) Fr 130
131 13 IF ((CL-D).LE.0.) 00 TO 15 FF 131

132 14 RRVuRRYI FF 132

133 RRN.RRHI rr 13n

134 GO TO 16 FFr64

136 RRm 2Fr 136

139 CV¶3
ý140 C CONTRIBUTZON or EACH TMAGE SEGMENT shoDIFI BY REFLECTION COEF. F,' 140,
¶141 C FOR CLIFF AND GROUND SCREEN PROBLEMS Fr "141

142 C FF 142
143 TIXutXA9CA8(I) FF .143
144 TIYNEXASSAS(Z) FF 144.!.

145 TIZwfXAS;ALP(I) FA4
146 CDPw(TI *9HX+TIY9PHY)O(RRH-9RV) FF 146
147 ClE.CIXTZXORRV4CDP$PHX FF 147

146 CIY.!CIY+TIY*RRV+COP0PI1Y ;rV148
149 CIZUCIZ-TIZORRV r' ,114Id

ISO 17 CONTINUE '10

151 IF (K.EQ.I) GO TO It rF 'IS1
162 IF (IFAR.OC.2) GO TO 18 F.F i5Z

183 C FF 153

154 C CALCULATION OF CONTRIBUTION OF STRUCTURE %WAGE FOR INFZNITC GROUND FV 154

155 C FF 165

156 CDPn(CZX*PHX+CZY*PHY)*(fRR4-RRV) r~s
157 CIXuCCX+CIX*RRV+CDP*PHX FF IS?

155 ClYmCCY+ICYORRV+CDOPPHY .rF 106

159 CIZNCCZ-CIZZRRV FF 159

160 00 TO 19 Fr 160

161 Is CIXECIX4CCX F.S

162 CIYNCIY+CCY FF 162

163 CIZECZ+COZ FF ¶6n

16 F(.T0 0TO 21 FF to64

169 20 cIX.(O ., 0.) FF 169

170 CIYN(,O..) Fr 170

171 CIZX(O .0.) FF 171

172 21 rrERZ FF¶72

073 C FF t73

174 C ELECTRIC FIELD COMPONENTS FF 174

175 C FF 175

176 !ýL=-I, FF 176

177 D0 25 I~1W.KSYMP FF 177

1711 RFL'u-RFL Fr 176

179 RRZrZRU96RFL Fr 179

ISO CALL FFLDS (POXROY.RPZCUR(N+¶).(QX,GY.O2) Fr too
181 IF (:P.EO.2) 00 TO 22 F 8

182 ETVG F 182

183 £Eiaoy Fr 153

ItA CZuOZ FF 184

lR! 0O TO 25 Fr 1655

185 22 IF (ZPEMV.NE-1) GO TO 23 Fr 161
18'? TVxcs ¶67

lop oGrX-oy Fr 186

I8O 01=-Ol Fr 1o9

190 00 TO 24 F!(g

~'t23 RRV=CSORT(I ,-ZRATtOZRATI*THZOTHZ) Fr wS

19 lP'wZRATIOROZ Fr 192
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193 PRHK(PRR-RRV)/(RRi4.RRV) fF19
194 RRVnZRATIORRV FF 1,4
195 RRV=-(ROZ-RRV)/(ROZ+RRV) yr 195
196 tTHm(OKSPHX4OYsPNY)*(RAH-AtfV) f
107 GXNCX*RRV+ETH&'PHX- rr it?
Iis: o*yAvtwpYF

200 24 Exat4ox,O 7 0
201 Xvily'4.Y rf201
202, E1s*-OZ rr !20
203 25 CONTINUE, rF 26-;'
204 9XuCX+CIý*'0ONtT FF'!7Q
205 tEdY4.cPY*cNST t '205

20 ~ ETH EXS I4~~Ye~ y. Z. HZ F 207
ZOO RETURN F 0
-210 CND 77 2IO9
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To calculate the x, y, z components of the far electric field due to

surface currents. The term exp(-jkr 0 )/(r 0 /A) Is omitted.
0 0

METHOD

"..The fjeod im computed using the surface portion of equation (126) in

Part 1. With loenths normalited to the wavelength, the equation is

2 xf p()*xJjkt0 (A

where

k -X/

._ surface current on surface 5

SI a identity dyad

The doL product with the dyad •k - results in the component of the integral

S2
F'(r'o) - S "J,('r')ixj(J . r-) dAI/2

transverue to k. The integral is ev.aluated by summation over the patches

with the cutrent assumed constanc over each p.tch.

S'YMBOL DICTIONARY

ARG = krrV L i c center of patch I

CONS m dONSX - Jn/2

CT - evp(j•.) dA/ at FL,18

= k v iF(o) at FL24
EX

n . xo, v, z components of F(r0) at FL22

EZ (r 0 /ý.)exp(jkr 0 )T(r 0 ) at FL27

I - array location of patch data

"i - patch number

K - current array indet
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ROX

ROY x, y" z components of k"

5(I) *(area of patch 1/

SOWR= array containing surface current tsu one
TPI a 2wf

YS arrays containing center point coordinates of patches normalimed

x: I to wavelength$

CODE LISTING4

I SUBROUTINE rrLDS (ROXROYROZCURE.MY.EZ) rL i
2 C CALCULATES THE XYZ COMPONENTS Of THE ELECTRIC FIELD DUE TO rL 2
3 C SURFACE CURRENTS rL 3
4 COMPLEX CT,CONS,SCUN,EX.[Y,tZ FL 4
5 COMMON~ /DATA/ LDNIN2,N,NPM,WlM2,W,MP,X(300),Y(300),2(500),St(300 rL 6
* I),mI(J0D),ALP(500),CTt(300).ICoWiC300),tWON 2300)1ITAQ(300),ICONX( rL 6
7 ISOO),WLAM.ZPIYM FL 7
a DIMENSION XS(i), YS(I)l 25I) (l) ,'CP() c@S(2L A
I EQUIVALENCE (X$,X04 (YSlY), (21,2), 041.), (eCOS,CGMI) FL I

10 DATA P/S28S5/COI/lI.S/FL 10

12 Ey (0 10. FL 12

14 IwLD+1 FL 14

15 DO 1 JVIIM FL iS
Is IN1-i FL 1S
17 AROETPI.(ROXSXS(I)+ROYDYS(I)440P25S(t)) FL 17
Is CTuCMPLX(COS(ARO)eS(Z),SIN(ARO)5$(I)) FL iS
12 I(w3*J FL 19
20 CxCEX+SCUR(K-2)4CT FL 20
21 EYnEY+SCUR(K-1 )0CT FL 21
22 [zwCZ4SCUR(K)*C1 FL 22
23 1 CONTINUE FL 23
24 CTwROKX*EXROYCEY+R0ZIEZ FL 24
26 [XwC0NS4(CT*ROX-EX) FL 25
26 E~nCDNSO(CTORDY-EY) FL 26
27 CZwCONS*(CT*ROZ-tZ) FL 27
28 RETURN FL 26
29 END FL 29-
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. PURPOSE

To supply values of the i.ntegrated function exp(jkr)/(kr) to the

numerical integration routine INTX.

METHOD

The geometry parameters for Integration over a segment are shown in

the following diagram.

p

in which

r(z') [p2 + (z' - a)2l/2 1

If the field point (pz) is not on the source segent, the Integrand value is

O(z') * exp[jkr(g')]
kr(z')

If the field point is on the source segmnt (P 0, a = 0), the integrand

value is

G(z') - exP,[kr(z')1 - 1
kr(z')

In the latter case, if kr is less than 0.2, then (coo kr)/kr is evaluated by

the first three terms of its Taylor's series to reduce numerical error.

SYMBOL DICTIONARY

CO - real part of G(z')

COS = external function (cosine)

""1 - flag to indicate when field point is on source segment (by IJ - 0)

RK - kz'
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RKB2 - (W* 2

S1 - imaginary part of G(it)

SIN m external function (line)

SQRT w external function (square root)

ZDK - ks' - km

ZK a kz'

ZPK w ks

CONSTANTS
-1.,38888889E-3

4.16666667E-2 c constants in series for (coo kr - 1)/kr

0.5 1

CODE LISTING

I SUIROUTIN[ or (ZK,COSZ) or i
2 C or 2
3 C or COMPUTES THE INTEORAND [XP(JKR)/(KR) FOR NUCIOAL INTCORATZON, or 3
4 C OF 4
S CCOMMWON /TMZ/ ZPKRKUZZJ or 5
6 ZOKmZK-ZPK or *
7 RKmSQRT(RK12*ZDK4ZDK) or 7
I SZSZN(RK)/NK or *
I Zr (1J) 1,.21 or sio I COCOS(RK)/RK or io11 RETURN of 11

12 2 Zr (RKLT,,2) 00 TO 3 or 12
13 CO( COS(RX)-i.)/RK or 13
14 RETURN OF 14
15 3 RKSuRKORK of Isis CO.((-1 ,36881181C-3'RKS+4,1S6606S7E-2)'KU-,5)SRK 0IV 16
17 RETURN or 17
Is END or I8-
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U PURPOSE

To read the NGF file and store parameters in the proper arrays.

KiTIOD

G122 Miscellaneous parameters are read.

G130 - G148 Segment coordinates were converted to the form involving

the segment center, segment length, and orientation (see

Section 1i1, COIMION/DATA/) vith dimensious of

wavelength. They must be converted back to the

coordinates of the segment ends so that subroutine

CONN9CT can locate connectiins. Dimensions are converted

to moters.

G152 - 0162 Patch coordinates are converted from units of wavelength
to meters since they will be scaled back to wavelengths

a&lon with the new segments and patches.

G163 Matrix blocking parameters are read.
G164 Interpolation tablls for the Soinerfeld integrals are

read it the Sommerfeld/torton ground treatment was used.

G174 Matrix AF is read for in-core storage (1CA5S a 1 or 2).o

G178 - G181 A1 is read for ICASE w 4.

G183 - G188 AF is read for ICASE a 3 or 5.

G192 - G1113 A heading summarizing the NO4 fLRi is printed.

SYMBOL DICTIONARY

DX a half segment length (meters)

IGFL - file nuimber for NG? file

IOUT a number of elements in matrix

IPRT a 1 to print coordinates of ends of segments

NBL2 - two times number of blocks in matrix AF (siuce AF is

stored twice, in ascen•ing and descending order)

NEQ n nrder of the NGF matrix

NOP - number of synmetric sections

NPEQ - number of unknowns for a syumetric section

X1, Y1, ZI w coordinates of the center of a asement or patch
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i SUBROUTINE OFIL (IPRY) 0! 1
2 C G! 2
3 C OVIL READS THE N.O.F. FILE 01 3
4 C 0! 4
5 COMPLEX CM,SSX,ZRATZ,ZRAT12.TI ,ZARRAY,ARI,AR2,AA3,EPSCF,FRATI 0I 50
6 C OMM ON /OATA/ LD,Ni.N2,N,NP.MIM2,M.MPX(3OO).Y(3O0),Z 900) ,St(30iO0! a S

7 ),*Z(30O),ALP(300).BET(300),zCON¶(ao)00t42ON(3oo),zrAO(300) ICOtNX( 01 7
* 2300) ,WLAM.ZPSYM al 4,
9 COMMON /CMU/ CM(4000) CI 9
1O COMMON /ANGL/ SALP(300) 0: 10
11 COMMON /OND/ZRATI,ZRAT:2.URATZ ,CLCN.SCNwL,1C,~NRAOLKSYMP1!VAP, 01 11
12 IZPERF.T14Tr2 61 12
13 COMMON /000mb, ARI(tII.0,4).AR2(l7,I,4),Aft3(eI,04),EPSCT,DXA(S),DY 6% 13
14 IA($),XSA(3),YSA(3),NKA(3),NYA(3) CI 14
Is COMMON /MATPAR/ ICA3E,NILOKS,NPULKC,NLA3T.NILSYM,NPIYM,NLSYM,IMAT,I 0? 15
16 ICASX,NIIX,NPIX,NLIE.NIIL,NPULNLSL alIs1
17 COMMON /SMAT/ 13X(IS,16) 01 17
Is COMMON /ZLOAD/ ZARRAY(300).NLOADNLODF 0! 1s
19 COMMON /SAVE/ ZP(eOO).KCOM.COM(1I,5),ctgRszo,5cRLTSCRWT,7MtHZ al 19
20 DATA ZOrL/20/ 01 20
21 REWIND Z0PL 0! 21
22 READ (1OFL) N1,NPM1,MPWLAM.FMNZ.IPSYM.KSYMP.ZPCRFtVNRADL~gPsRSX0 Cl 22
23 1 ,SCNWLT,SCRWRTNLODF,KCOW 01 23
24 NwN¶ 01 24
25 MuNI 01 25
26 N2aNl41 0! 26
27 M2v14.1 0! 27
28 IF (NI-C.0O) 00 TO 2 01 28
29 C READ SEC, DATA AND CONVERT SACK TO END COORD. ZN UNITS OF METERS 01 29
30 READ (ZOVL) (X(!,ZulNI).Y(I) 1 11t1NI).(Z( 1)1.1 Ni) 0! 30
31 READ (!OVL) (31(t),Iu?, 1146%(2I) 1m11NI ),(ALP(I),IuINi) 01 31
32 READ (!CTL) (UET(!),!ul ,Ni),(SALP(!).zu1 NI) 01 32
33 READ (IGFL ( ICON1(Z),!la,Ni).(ZCON2(!),!u1,NI) 01 33
34 READ (!OFL) (ITAC(1),t m",NI) 01 34
35 If (NLODF.Nr.O) READ (IOFL) (lARRAY(2).1uINI) 01 35
36 0O 1 Iwi ,N1 0! 36
37 X~uX(!)$WLAM 01 37
36 YI*Y(I)OWLAW 0! 36
39 ZZEZ(Z)OWLAM 0! 39
40l OXmSI(l)$.SOWLAM oI 40
41 X(Z)aX!-ALP(1)D0X 41 41
42 Y(!)mYI-9ET(l)*DX 01 42
43 Z(!)ml!-SALP(!)ODX 01 43
44 SZ(I).X!+ALP(I)*DX G! 44
45 ALP(l)"YZ+BET(I)*DX 01 45
46 *ET(I)mZl+SALP(I)*0X 01 46
47 BIl()wBZ(l)'WLAM 0! 47
48 1 CONTINUE 0! 48
49 2 IF (M¶,CQ.O) 00 TO 4 0! 4,
50 J=LD-Mi+1 al 50
51 C READ PATCH DATA AND CONVERT TO METERS 4! 51
52 READ (!CFL) (X!omOY!,uJL)(()IJL)0 52
53 READ (!GFL) (S()!JDI!Zu.O.AL()IJL)0 53I
34 READ (ZGrt) (scT(Z),.IJ.LD),(SALP(!).!Uj,LD) 01 54
55 READ (jorL) (!CONil().Iuj,L0).(!CON2(!)4u*JLD) 01 55
56 READ (imr) (ITAC(!),Imj.LD) 01 56
57 DXNLAM$WLAM 01 57
$a DO 3 !uJLD 61! $1
so X(!)wX(7)*WLAb4 A 1 59
60 Y(I)mY())*WLAM GI 60

Gý Z(I)mZ(I)*WLAM ol &I
62 3 *!(!)wU!(!)'DX 01 62
63 4 READ (IorL) ICASENILOKS.NPSLKNL.ASTNULSYWNPSYMNLSYMZhAT 0! 63
64 IF (IDERF.CQ,2) READ (IOFL) AR!,AR2.AR3,EPSCF.DXA,0YA,XSA,YIANXA, 01 $A
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is I NYA 0l 65
Ge NEO*N1+2#mi 01 06

67 MPCQ~t4P+2*MP 01 57
68 NQ~mNEQ/NPLQ GI 66
so If l(NOP.0T.1) READ (IorL) ((S(.)11NPu,0)0:.. Go
70 READ (2GFL) (IP(l),?Tw,NKO),COMd 01 70,
71 C READ MATRIX A AND W"MT YAPE13 FOR OUT or. CORE 0! 71
72 IF (ZCASE.QT.2) 90 TO 0 at 71
73 IOUTUN061NPEQ 01 73
74 READ (.70FLI (CM(l),101,IOUT) at 74

00 70TO10 - a 75
76 5 AEWIND 13 01 75
77 VF (I-CASE.NE.4) do TO 7 at 17
78 10kiTuNPEQPNPCO cz 78
73 00 6 xmi'NOP (11 79
so RE1V1 (IOFL) (Ctd(J),JuIlOVT) at 0o
VII WRITE (13) (Cu(J),JulIoUT) '~il
82 g0o0 TO
83 7 IOUTmNPVM*Np1O*2 a% as
84 N3L202*NULSYM 0I 84
Is 00 6 IOPmI,NOP 01 6.0
$a6 D 80 ta.114NI2 aI .96
47 CALL OLCKIN (CM0,10OL,,1UT.1,206) a% i7
so I CALL NLCKOT (CM,1301,OUTI2O5) 61 B6
s3 I REWIND 13 01 as
90 10 REWIND IGFL 01 to
91 C PRINTN,0.F HEADING 01 31
92 PRINT 18 l$
03 PRINT 14 0" Is
04 PRINT 14 01 34
Is PRINT 17 01 Is
go PRINT 16, NlM1 al to
07 IF (NOP0.1Y~) PRINT 13, NC)F GI V
to PRINT 90, IMATICASI at 58
of IF-(ItASE*LT.) 00 TO 1102o

100 S1NE'IE PRINT 21,3L a 0

14 IF (KSYMP,1Q.2,ANO.7PCNF.EO0O) PRINT V7 01 104
105 IF (K5YMP.EQ.2.AND.lPERF.tQ.2) PRINT 21 ot 106
b~e IF (KSYMPE0.2,AND.IPERF.NE,I') PRINT 24, EPSR.SI0 Ol MO
107 PRINT 17 61 107
108 DO 12 Jul ,KCOM 01 106
109 12 PRINT 15, (COM(I,J),Iwu13) 01 109
lio PRINT 17 01 110
III PRlINT 14 01 111
112 PRINT 14 GI 112
l13 PRINT 1d 0x 113
l14 IF (IPRT.CQ.0) RETURN Ul 114
115 PRINT 25 at 115
116 00Oi IS 1.1NI at 1164
1M 13 PRINT 26, I,()YI4mS()AP()ST! t47I
118 REIURN at 116
'13 C 61 111
120 14 FORMAT (,Obe.sesaee**.s* eoesee* sese,301 120
121 1 H e. S S S S s )0! 121
122 15 FORMAI (IX.3H$P i13A&,3H 60) GI 122
123 16 FORMAT (////) 01 12S
124 17 FORMAT (5X,2H*$,3ln,2Hf@) 01 124
125 1s FORMAT (6X,23H6$ NUw[RICAL OCREN's rUNCTION,53X,2H4*,/,5XI7H*4 NO 01 125
126 1, SEGMENT$ w,14,iOXi3HNO, PATCHES m,14,3AX,2H**) al 126
127 ig FORMAT (5x.2?Hs* No. SYhI~tTRZC SECTIONS w,14,bIX,2H*4) U! I.M,
126 20 FORMAT tbX,34H** N.0,V. MATRIX - COREC STORAGE o,17,23H COMPLýX NU 01 126
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120 IMIERS, CASt,22,16X,2HOO) 02 120
130 21 FORMAT (5X.2H$**,1X.13HMATRIX SIZE N,27,ISH COMPLEX NUMDCRS.25x,2H 02 1.30
131 lee) 01 131
132 22 FORMAT (SX,104N* FREQUENCY u,E12.5SHS MHZ.,SIX,2N**) 01 132
133 23 FORMAI (SX.I7N$* PERrECT GROUND,65X,2H*S) GI 133
134 24 FORMAT (SX,4414*S OROUND PARAMETERS - OZLCMIRZC CONSTANT wE12.5,2 02 134
135 16X,2HN*,/,5X,2H*0,21X,I4HCONOUCTIVITY 0,CIR.5,6H MH01/M.,2SX.2H**) 01 135
131 25 FORMAT (3#X.31NNUMEIRCAL GRINtENS FUNCTION DATA./.41X,27I4000RDZNAT9 01 136
137 is or SEGMtNT ENos,/,51x,UM(METERS),/,SX,4HSEO.,11X.19H- - - END ON 02 137
136 2c - - -,26X.11H- - - END TM -. - 01SiS4O.OgH,4,IY1 I@ 1.38
131 3HZ,14X,lNX,14X.lHY,14XlHZ) 612130
140 26 FORMAT (lX.I?,$El5,) 01 140
141 27 FORMAT (5X,5514@@ FINITE GROUND. REFLEtIlON COEFFICIENT APPNOXIMAT 02 14
143 1ION,27X,2N'*) 02 W4
143 28 FORMAT (5X,SONSS FINITE GROUND. SOMMERFLD SOLUTZN,44M,aes*) 01 143
144 [NO 01 144-
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PURPOSE

To compute the electric field at intermediate distancee from a radiating

structure over ground, including the surface-veve field component.

METHOD

Approximate expressions for the field of a horizontal or vertical current

element over a ground plane were derived by K. A. Norton (ref. 2). These

expressions are used to evaluate the field of each segment in a structure and

the components.sumed for the total field of the structure. To evaluate

Norton's expressions for segment i a local coordinate systm (x', y', 0) is

defined (fig. () with origin on the ground plane and the vertical a axis

passing through segment i. In the (x, y, z) coordinate system (fig. 6 b) the

location and orientation of segment i are
SA A A

r xIx + YiY + si

1. cos a cos 0 A + co0 a sin B + sin a '

* and the field observation point is at (p, 0, s). The origin of the primed

cuordinate system is at (xi, y,, 0) in the umprimed coordinates, and the x'

axis is along the projection of the segment on the ground plane.

Norton's expressions give the electric field in p', 0', and z' components

for infinitesimal current elements either vertical or horizontal, and directed

along the x' axis. To evaluate the field of a segment, the segment current

is decomposed into horizontal and vertical components, and the fields of the

l.nfinitesimal current elements are integrated over the segment. Each field

component for the infinitesimal current element has the form

LL(p', p', z') = F1(p', 0', z')uxp(-JkRI) + F2((p, 01, z')exp(-JkR2 )

for

R2 * W-21
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Segment I
a

yt.

(a)NorongCoR2iae

At

(a) NonC ' Coordinates

Figure 6. Co 'ordinate Systems Used to Evaluate Norton'u Kxpr~aLons for the
Ground Wave Fields in the NEC Program.
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where F1 and F are algebraic functions of R1 and RI and can be considered
constant for integ:ation over the segment as long as RI and R2 aro much

greater thdn the segment length. To integrate the exponential factors over

the segment, R and R2 are approximated as

R R " + is)

A

where Rt R It,. Rl I j Rj, A2 uR 21IP., rji' Position end orientation
of imaae of segment i, and a a variable of length along the segment (- 0 at

iuegment center). The current on the segmnt is

- Aa) + B sin ks + C coo ks

With F I and F2 considered constant, each vector component of the field)"

produced by segment i involves an integral of the form

-6/2X 1,(s) A/A 1 (a)

where

• F 2 exp(j"t " 5

F'- a' X >2 F exp[-Jk(R - R2 ' ri)1

A A

W1 *-R 2

S- segment length

The integrals can be evaluated as
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2-a A 2 sin w w d

B--I sin [if (u - ] si IT (1 + w)d]

"+ C I sin (1-Wdi + " (1+ W)

where d a f/h. The integral for G2 (the coefficient of FT) is the same with

ri and i reflected in the ground plane. The term G I and G2 end other

necessary quantities are passed to subroutine GWAVE through COIOON/GWAV/.

GWAVE returns the field components

_E PI Component of field due to vertical current component
P
v

E - z component of field due to vertical current componentz

Eh P p' component of field due to horizontal current component
E - component of field duo to horizontal current 0omponeot

£h Y * component of field due to horizontal current component

z

The common factor exp(-jkR) occurring in F' and Fi is owitted from the field

components and included in the total field after summation.

These field compotients are then combined to form the total field in

x, y, z components and summed for each segment. The field is finally converted

to r, (0, ý components in a spherical coordinate system coinciding with the

x, y, z coordinate system.

The approximations involved in the calculation of the surface wave arv

valid to second order in u 2 where

u a k/k4

k - wave number in free space

k 2 w wave number in ground medium

The approximations are valid for practical giound parameters. To ensure that

the expressions are not used in an invalid range, however, the surface wave is

not computed if Jul is greater than 0.5. Rathfr, subroutine FFLD is called,

and the resulting space wave is multiplied by the range factor exp(-JkR)/

(R/:). Tie radial fiold component will be zero in this case. FFLD ic also

called if R/5 is greater than 105, or if there is no ground present.

-162-



GFLD

SYMBOL DICTIONARY

A - coefficient of A /A in 2vC 1and w2W ABS - external routinie (abslute value)
ARC a argument Qf A*p( ) *for1,phil. factor-

ATAN a excternal routine, (aretangent)
teptefff A /A 'in 2IrG1 and, 2¶TG2

BOO, p in (BOT)iO7

C4 (I) o con sgurtp

CATIP. *s'x corni. ;,a inidý1 Pi4tno

CZ ly .:,4rz ponalptkii.usumaition f di' f ield

CHPLX .external tO64L (f~m -o40ox~ ber)

'Cos u tercnal routine. ......)

DY - x, y, z colrjonents of i

EL n Trd

EPH 0 E 0 or E4) cos a W4 componiftnt of total field of sepent i)

EPI - 4) component of field of structure

ERD - R. component of fiel~d of structure

ERH - Ez and p1 component of total field of segment ±

ERV , EV
p

ETH w 6 eomponent of field of strurture

EX - x component of field for segment ±

rXA -phase factor at GD30 and CD130:

C 1 exp(ja 1 4 r i) or G 2 exp(jkkA2 - -q) at GD109

Ey - y component of field for segment i

LZH w E h and z component of total field of segment 1.

EZV a *

-163-



GVLD

rFLD w external routine (computes space wave)
CW14AVE w external routine (computes 9,$ E
I *DO loop index (1)

K 1P DO, loop Inds.4 (oop, over segmnent and bag.)
JKSM *1If grmi und Is pretentj 0 othortviss

OHAGA *W

.04 "y componen of .

174 a I~factor to refleet *se.~t coordinates- It Pround,

RHP

RIX P x component of

RIX z component of F11A or Ri 2/9

RNY I *xOy, z components of f1 or f2 orf

R.R w real part of 27T1G1 or M2T0
RX - x component of PA~

RX'YZ 0RAoR2/A(for asm0)

RY w y component of PAX
RZ aZ

SAB(I a Cosn a sin B

SEET w sin

SILL w d

SIN w external routine (sine)

SPH - sin $
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SQRT - &uxteat~al routine (square ruot)

-THiET w I in sphedvcal. coordinate saytam

TIIX o x coiobnant of 8
THY Uy component of.#

THZ Ii component of
TOO,,' sin %(TOP) /TOF ..

TOP * (I )
TP *2IT

U mU

IIF

U2 m 2  2 1

2~E'2Otolsithdo in, teat f or. er@
'1E- *tolorance :in tect *oQ rz or

1.E-6 -,tollersnas In test for zero *.

91. 341592654 w
6.283185308 -*
1.E+3 ' upper 1tzat for'lh
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I SUBROUTINE OFLD (RI4O.PMI,RZCTHCPI,ERD.UXKSYMP) GO 1
2 C 00 2
3 C GFLO COMPUTES THE RADIATED FIELD INCLUDING GROUND WAVE. GO 3
4 c Ot) 4
5 COMIPLEX CUR.CPZ,CZXCIY,CZZ,CKA,XXI.XX2,U,U2.ERV,EZV,ERH,IPH GO 5
* COMPLEX EZN,EE,[Y,ETN,UE,ERD) GO 6
I COMIMON /DATA/ LD.N1.N2,NNP,MIM2.W,MPX(3OO).Y(3O0),Z(300),SZ(3oo00 D 7
a ¶).IZ(300).ALP(300).UET(300),ZCON1(300).ZCON2(300),ZTAO(SO0).ZCONX( 00 S

0 2300) ,WLAM, IPSYM OD 1
t0 COMiMON /ANGL/ SALP(300) 0D 10
1t COMMON /CRNT/ AZR(300).AZZ(300).UhR(300),UUI(300),CIR(300),CUI(300 00 1t
12 1),CUR(I0O) 00 12
13 COMMON /0WAV/ U,U2,XXloXX2,Rl,R2,ZMI4,ZPH GO 13
14 DIMENSION CAI(t). SAI(l) OD 14
Is EQUIVALENCE (CAS(l).ALP(l)). (SAI(i),SET(l)) OD 15
Is DATA PI.TP/3.141592654,1.2uatum3oa/ OD IS
17 RmSQRT(RNO9RNO4.RZ6RZ) OD 17

Is IF KSYMPM.CO) GO TO 1 0o Is
It IF (CAIS(UX) 0T..5) 00 TO I 00 I9
90 IF (R.OTd1.I5 0O TO I DO 20
21 00 TO4 OD 21
22 C 0D 22
23 C COMPUTATION Or SPACE WAVE ONLY 01D 23
24 C 00 24
25 1 IF7 (RZLT.I.E-20) 00 TO 2 00 25
26 THETmATAN(RHO/RZ) GO 26
27 00OTOS 300 27
26 2 THEToPZ'.5 0D 26
20 3 CALL FFL0 (THCTIPNZETNaEPI) GO 29
30 AlOw-TPOR 00 30
31 CXAuCMPLX(COS(ARO),SZN(AR0))/R GO 31
32 Et1NECTI4EXA OD 32
33 [PloEPI*EXA GO 33
34 ERDu(O,40.) 00 34
35 RETURN 00 35 0
36 C Go 36
37 C COMPUTATION O7 SPACE AND GROUND WAVES. GO 37
38 C GO 30
39 4 UWUX 00 39
AD U2mULI G0 40
41 PHXE-SIN(PHI) GO 41
42 PHYuCOS(PHI) GO 42
43 RXuPHOOPI4Y GO 43
44 RYm-RH0@PHX GO 44
45 ClI-(0.,O.) GO 45
46 CIys(O',0.) 00 40
47 CIZs(0'.O.) GO 47
AS C GO 48
49 C SUMMATION OF FIELD FROM INDIYIDUAL SEGMENTS 0O 49
50 C GO 50
51 DO 17 lul,N GD SI
52 DXNCADCI) 00 52
53 DYESASCI) GO 53
54 DZuSALP(I) GD 54
56 RIXmRY?-X(I) GO 55
56 RIYoRY-Y(I) GO 56
57 PHSmRIX$P!X+RIY*RIY GD 57
so RHP.SORT(RHS) GO 56
59 IF (RHP.LT.I.E-6) 00 TO 5 GO 59
60 RHX.RIX/RH4P GO 60
61 RHY=RIY/RHP CD 61
62 GO0106 0D 62
63 5 RHXrl1 GD 63
64 RH~'u0, GO 64
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65 6 CALPuI, -DZ$OZ 00 65
£6 11 (CALPLT1.E,-1) GO TO 7 OD 06
67 CALPuSORT(CALP) 00 67

6o C0ETUDX/CALP CID 66

70 CLPZ@SI(Z)+RY*BE 00 70

76 R!L.-1. OD 76

79S INTEGRATION 0F (CURRENT)*(PNASE FACTOR) OVER SEGMENT AND IMAGE FOR GD 75
79 C CONSTANT, SINE, AND COSINE CURRENT DISTRIBUTIONS OD 79

£3 RZZwAZ-Z(Z)*RFL 61

SB RNXERIX/RXYZ 0 55
86 RN~mPRY/NXYZ co 6a
87 RNZwRIZ/RXYZ 6D 7

as OMEOAE-(RNX.DX+RNY.DY+RNZ.DZ.RFL) OD 6a
at SILLwGMECA*EL GO so
so TOPEEL+SILL 00 go
21 *OTsEL-SILL 0D 911

92 IF (ASS(OMECA).T.¶1.1-7) 00 TO g 00 92
93 Au2.*5IN(SZLL)/OMEQA GD 93
94 00 TO 10 OD 94
95 1 Am(2.-OMCOA*OMEOA*EL*E/3, )*L 0D 95
96 10 IF (ABS(TOP).LT.1.E-7) GO TO 11 OD 96
97 TO~wSIN(TOP)/TOP GD 97
so 00 TO 12 O0 96
99 11 700al1-TOPOTOP/G. 0D 99
100 12 If (ABS(IOT).LT1I.E-7) 00 TO 13 OD 100
¶01 DOOw$IN(IOT)/UOT GO 101
102 GO TO 14 00 102
103 ¶3 900.1 .-IO7eBO/6. Go 103
104 14 BuEL*(900-TOO) 00 104

105 CmEL6(600+TOO) 00 105
106 RRmA*AIR(I)+*9BII(I)+*CCIR(I) OD 10
107 RI.A*AI(I)-9*61R(I)+C*CII(I) Go 107
108 ARG.TP.()((I)ORNX+Y(I)9RNY+Z(Z)ORNz$RrL) 00 106
109 E)(A.CMPLX(COS(ARG),SIN(ARG))OCMPLX(RR.RZ)/IP G0 109
110 IF (K.EO.2) GO T0 15 00 110
Ill X~i=EXA GD 111
¶124 RI=RXYAZ OD 112
113 ZmHuRIZ Go ¶13
114 G0 TO 18 GO 114
115 15 XX2.tXA 6O 115
¶l16 R2uRXYZ Go 116
117 ZPN=RIZ OD 1W
I18 ¶6 CONTINUE GD 115
lie C 00113g
120 C CALL SUBROUTINE TO COMPUTE THE FIELD Of SEGMENT INCLUDING GROUND 00 120
121 C WAVE. GD 121
122 C OD 122
123 CALL GWAYE (ERVEZVERH.EZHEPH) 0D 123
124 EPH=ERHOCPH*CALP+ERV*OZ OD 124

125 EPH=EPH*SPI0C.ALP GD 12b
126 EZH=EZHOCPH$CALP+EZVODZ GD 126
127 E~u1RH6RHX-EPH*RHY GD 127

1.18 E~wERH$RH't+EPH*RHX GD 128
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129 CIX=CZX+CX GD 129
130 CZYECZY+CY 0D 130
131 17 CIZ-CU.CEZH OD 131
132 ARC=-TP*R OD M3
133 EXAwCMPLX(COI(APO) .S:N(AAG)) co 133
134 CZXoCZX*UXA OD 134
135 CZYmCZY*CXA 0D 13
136 CZZmC:ZZCXA OD 136
137 RNXURX/M GD 137
1)5 RNY.RY/R Go 135
13t RNZuftZ/A GD is#

140 TMXERNZ*QMY 00 140
141 THYu-ONZ*PNX 0D 141
142 THZN-R140/f OD+ 142
143 ETHUCZX$YHX+*ZYMhY-CIZOTHZ OD 143
14 [PtmCIXGPHX+CZY$PMY OD0144
145 EADw0ZX*RNX+CZY*RNY4CIZZRNZ do 145
146 RETURN 00 146
147 END 00 147-
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GFOUT

PURPOSE
WTo write the HOF file,

The conit~ti of the -COMM4ON blockmi in PIOJT ar 4'ittoen :t f-ile' 10. 1f

I;AB5 ,-1o 5 'ths blocks.bof tbAs.V e, ~ oit@ of: sitr~ Avi Q f10
An 4616eading nider and on fl~ 1.14 in d.o-iaeaing orderi. Rtc.h Lilas 'ati ý,ýritton
to fýIle 29,I;~

ROUT *nwuber of *elemnts, ini mak~rix

NEQ * rd,r f rmatri A
NOV. 'J mber of pyup~trW@ asocions

NPEQ -numoor of unkhnov,6 for .6 symtria actio'n
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I SUBROUTINE arOUT GO
2 C 00 2
3 C WRITE N.G,r. rILZ GO 3
4 C 00 4
5 COMPLEX rM,S5X,ZRATIZRAT12,T1.ZARRAY,AR1,AR2,AR3,CPIC7FFNATI 010 5

& COMMON /DATA/ LD.NI.N2,N,NP,Mom2,mM~hPX(300),Y(300),Z(Ioo).S:(300 00 S
7 ¶).1 1(300).ALP(300).ucT(oo0),:CONI(3oo),:Cowa(3oo),:TAO(3o)00NCOX( 00 7
I 2300) ,WLAM,ZPS'rM co 6
I COMMON /0Mm, CM(4000) 00 9
to COMMON /A40L/ SALP(300) G0 t0
11 COMMON /GND/ZRATI,ZRATZ2,TRAT?,CLC14,SCRWLICRWR,NRAOL,KSYMP,:PAR, 00 11
12 izppr7,Ti,T2 00 12
13 COMMON ACORID/ AR1(l1,iO,4),AR2(17,5,4),ARS(S,6,4),tPSCr,DXA(3),0Y 00 13
14 IA(3),XA(S),YSA(3)bNXA(3),NYA(3) Go 14
is COMMON /MATPAR/ ICA5E,NUL0KI,NPBLK,NLAST,NILSYMoNPSYw,4L$YoUZAT,1 00 is
16 ICASX,NIIX,NPBX,NLBX,NUIL,NPSL,NLUL G0 16
17 COMMON /SMAT/ SSX(tS,16) 00 1?
is COMMON /ZLOAD/ ZARRAY(300),NLOAD.NLOor 00 Is
ill COMMON /SAVE/ ZP'(eOO),KCOM.eOM(13.s).tPSmNuIoICICwLTISCuwT,nwz 00 to
20 DATA ZCFL/2o/ Go 20
21 NEQ.Ne2*M 00 21
22 NPEOwNP+2*MP 00 22
23 NOPmNEQ/NPEO Go 23
24 WRITE (I07L) NNP.M.MPWLAM,FMHZ.IPSYMK5YMPIPERFP,NRA0LEPIRSI0, 00 24
25 i$CRWLT,SCRWR',NLOAD,KCOM 00 25
26 IF (N.EQ,0) 00 TO 1 00 26
27 WRITE (1GVL) (X(I)Iul,N).(Y(l)11ml,)(()IlN 00 27
2b WRITE (IMr) (z)4,)(a()mN ,ALF(t).?ml.w) 00 26
29 WRITE (ICFk) GoTIu1NIL(),U,)0 20
30 WRITE (10FL) (CN()u1NCN(),I,)00 30
31 WRITE (KarL) (ZTA0(Z),Iul,N) 00 31
32 IF (NLOAD.GT.0) WRITE (20FL) (ZARRAY(Z).ZU1,N) 00 32
33 1 IF (M.ECO) 00 to 2 00 33
34 J.LD-M+i Go 34
35 WRITE (107L) (X(I)IUnjLD).(Y(Z) ZmJLD),(Z(Z),IuJOLD) 00 35
36 WRITE (IOFL) ((),uLDI(,ZJL,(AL;(Z),IuJ,LD) 00 36
37 WRITE (2orL) (rncT(l) Z*JL)(A~Imo 00 37
36 WRITE (1GVL) (ICONI(Z),IuIJILD),(IC0N2(I)4uoJ,LD) 00 36
39 WRITE (107k) (ITAG(I),I*J.LD) 00 30
40 2 WRITE (10Fk) ICA5E,NIL0KS,NPILK,NLASTNBLSYM,NPIYWMNLSYMIMAT 00 40
41 IF (IFERF.tQ.2) WRITE (I071.) ARt AR2,AR3SCPSCr,DXA,OYA,XSASYSA,NXA 00 41
42 1,NYA 00 42
43 IF (NOP.GTI) WRITE (IGFL) ((SSX(X,J)4u1,.NOP).Jni.NOP) GO 43
44 WRITE (IGFL) (IP(I),z.1,Nc0),COm 0O 44

4b I (zc~sEG'r.2) 00 TO 3 00 45
Ad IOL'TmNE0*NPEQ 00 46
47 WRITE (IGFL) (CM(I).Im.1IOUT) 00 47
48 GO TO 12 GO' 45
49 3 IF (ICASC.NE,4) GO TO 5 00 49
50 REWIND 13 GO 50
Si IuNPCO*NPZO lo 51
S., 00 4 Kw.,NOP %;O 52
53 READ (13) C(),t.)00 53
04 4 WRITE (107L) (CM(J).Js1,I) 00 54
55 REWIND 13 GO 55
56 00 TO 12 00 56
57 a REWIND 13 GO 57
56 REWIND 14 00 56
59 IF (ICASEC.EQ5) 00 TO A GO so
G0 IOUTmNPILK*NEQ*2 Co 60
61 DO 6 1u.1 NULOKS GO Gi
62 CALL OLCKIN (CM.13.1,IOUT,1.201) GO 62
63 6 CALL ULCKOT (CM.107L.IIOUY,1,202) 00 63
64 DO 7 1.1 ,NDLOKS 0~ 64
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SS CALL 9LCI(%N (CMid,14,1!OU,t,2031 G0 is
41 7 CALL ILCOKO (C4,I01L,1,Z0UT.,204) Go so
67 00 TO12 Go 67j . aR 1 0UTmNPSYWJ*NPEOS2 Go 64

II 0 1 @plNP 0 169
70 00 6 141 NILSYM GO70

71 CALL ILCKIN (CM,,l3,`1,I0UT,1,2O), too 71
72 0 OA6L SLKT C4PL11U7I2S)IQ 7t'
73 00li X0MI.NILSM t, @0- 73
74 CALL *LMCS~ (CH.140,1OUT,1,207) 00 74
7b 10 CAL.L IL4KQT "IsPLtIUT12S)0

76 11 CONTINUE ' 06

79 t1 A PU4D ZGFL '.i 00,7
so PRINT 13, IOFL,IMAT ''

all :RTURN

03 is' "tow i (///,MA4WV*S* $HV *AL 6ft'&tW'%6UWC11ZON` r;4t1:'6W4TAP.94:9N~*I
64 /,.&X,1GHMAlfiZlX-'TOAAOt '.27- S'M W ~ t UIF5// 0 A
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PUR POSE i

To compute the function that is ntmevically Istelrated for the near H

field of a Belmont..

METHOC
The value returned-by OH tI

p 1ex(-kr ,
.. .')(kr)

Sr (A÷1112-

, "' '- p cooidi•nt of the f'f1d obiervaiidt, point in. cylindrical coor-

dinatoe system with, o .igit. at the center of the source segment and

01 s' z coordinate of the f'eld observation point Ln the cylindrical

-*. coordinate system

* z = x coodinate -of the integratloat point on the son,'rc oepent

k a21r/ X

SYkBOL' DICTIONAIXY

MK cot kr

HR a real part of G

HT a imaginary part of G

J, - kr

RIHKS rn (kp') 2 ,
x •R 2 - / (k ,) 2

RX3 -/(kr)3

RS * (kr) 2

SKR & in kr

ZK *kz

ZPK = kz'
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¶ SUBROUTINE OH (ZK.HR,Hr) aH 1

2 C INTEORAND FOR H FZELD oF A WIRE OH 2

3 COMMON /TUH/ ZPK,RHKS OH 3

4 RSuZK-ZPK aH 4

5 R~nRHKS4RSORS GH 5

I C.OMM1RS OH 7
CRCS(R) OH 8

a SKRESZN ( ) H S
2 RR201411RS oHl 10
io RASERR2/R OHt 11
11 HRwSKRvRRt2+CKR*AR3OH1
12 H~uCKRS!.ft2-SKRRR3 CH' 12
IS RETURNOH S

14 END OH ¶.
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PURPOSE 4

To compute the componente of electric field due to an electric current

element over-& ground plane at Intermediate distances, including the surface

wave field.

METHOD
:'Approximute expressions forethe electric field of a vertical or

horisontal 'infinitesimal current element above a ground plana, including

surface wave, were derived by .d A. Norton (ret. 2), The geometry is shown

in figure 6G for., a, cqUrente lftent at height a above thi 8pound plans snd

field observation point at p. The current element ts located on the s' axis,

and the horimontal current elment is, directed aloag the x1 axis. The

vertical current element produceo z' and p. field components given by

v " J'2r €il0 ~exp(-JlkR1) " exp(-Jkl 2 )

2 exp(-idk)+(I - Rv) Cos2 * 7 - .

exp(-jkR) 0
+ u -l :u 2 col 2 !0, sin V' 2

-+ ..... k 1 + :j_ (I - 3 sin,2 V)>

--. •.J. 2 + 1k (1 - 3 sin2 0

-174-



(WAVE
EV d :n ' Co. j' exp(-jkR1 ) exp(-JkR2 )

Esn o + R sin * coo •.R
-u2A R 1 V k R 2

-cou *(1 -. ,. Ro2

- 3sin , c' orn • * (--1.÷ 1 2
•'IV) . R3,

-coa4,u * €os 2 2, (

+3sin4 co4, (I I+ 2

where F• =1-i A'xp(-w) erfe (jv•)

erfc(z) = 1- erc(z)

erf(z) - jo exp(-t 2 ) dt (er2or functon)

c V Ip./(1- c )2 2 2

kR2u2( 2 c2 / (2co2

Rl * -j (4 - u os •

R + s n -u 2 cos 2 V'

2 - k/k 2

k = wave number in free epace
k - wave number in lower fedium

sin 4, (z - + /R

sin 4' -(z - u)/o1
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The horizontal current element directed along the x' axid piroduceu pl,

*', and z' field components given by

h ___ *CpudUL
Eou.•j aCs min 'oo '

,a(. R fxp?(-JkP 1D) Oz. ,
exp('.jkR

+ sin coo 0 (1 - I V)
j~kRj

+ 3 min *1 coo. . / 1 ,) A
1 (JkR1)r

+ coo , (1R- Rv) u _-u2 C€82  2 2-jk

k-17 + R2
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E h -nlt co in2 eP(-jP-kR1)% i 2 exp(-JkR 2)

p 2X Rsi R 1 ~~iV

.22

.2

exp(jkR2 2 22J(-)14
*(TU 00R u 1+ u(I-R

R2

2 2 1v Tk 2

.in u(( 2c CO ) ±2 * +.... I exp(-JkR 2)

________ axp(-JkR.2)

+ (h 1 Gexp(-JcR 2) / + -i--\ ,)
R + (1 iTkRlj 2

2 Jkkj

2)( u (1 4-Rv) - u (1 R V)F] k
22

2[2
u (I- R 2 2 2 2 i

2( - Cos $O-in + '42) Jk

jk 2  jkR22
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where

G " [1 - j A exp(-v) erfc (j X/)),

v * 4ql/ (I + Rh) 2

22q!•"• (1 - u2 Coo2 *)/(2u2 @oo 2 •)

Rh-
+ u sin

The approxiuations in these expresslons are valid fort and 12

greater than about a wavelength and to second order in u2 I In each

equation, the first term represents the direct space wave £Reld of the current

element, the secend term is the apace ravie field reflected from the ground,

and the following higher order terms involving F and 0 rtpresentthe ground

wave. It may be noted that the coefficients & v and 1 h are the Freesel'

reflection coefficients for vertical and horizontal polarization, respectively.

To obtain the field due to a structure, these expressions are integrated

over each segment and the fields of the seaments are sumaid in subroutine

GFLD. For integrataon, R, and R2 are the distances from the integration

point A on the segment to point p. Since R, and 12 are assumed large

compared to the segment length, Rl, 1&21 * and *0 are considered

constant during integration over the segment except vhere JkKR and jkA 2

occur in exponential functions. Thus, if a represents distance along the

segment, the integral of each expression over the segment is obtained by

replacing (IdX/X 2) exp(-jkRI1 ) and (IdA/A 2 ) exp(-jkR2 ) by XXI

and XX2 from subroutine GFLD. A factor of exp(-jkR) is omitted from the

fields and is included after summation in GFLD. Including a factor of

1/ 2 in XX1 and XX2 makes a factor of A available to normalize it and

R2 in the denominators of the field expressions. The factors sin 0' or

cos ý' are omitted from the fields due to a horisont&al current element in

GdAVE and are supplied later.
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SYHBOL DICTION4ARY

UP 0 Cos 414

*CPPPZ a o

ECON i* -ri/ (r.,#Japedanc ,a-of free spac 0)

EPH *'

IRV

F U?

OMR *iRv
PT U

RIi a -JkRi

ELK 2 -jkR2

RV R

Ri aI/

R2 aR 2/A

SPPP a$in 4

SPPP2 a sin2

SPP2 a sin 2 4

TPJ w 2lffj

TI a i-U 2 c08 2 l

T2 l

T3 a -[i/(jkRI) 1 /(jkR1 )
2 1
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T4 -- [l/(jkk 2 ) + 1/(JkR2 ) 2 1

U "U

U2 U2

V "v

w -v

XlI a xxl/(ItM)

Xi2 0 XX2/(R/A)
xxi a ol eIxp.(Jil *;)

XX - a G2 eiip(jki 2 *
Xl"
X2

X3

X4 - firsts seconds ... , seveath term in each field expression

X5

X6

X7

ZMH , a - a

ZPH a w + a

CONSTANTS

(o., I.)

(0., 6.2831853) * 21j

(0., -188.363) * -jnl/2
3.1415926 -

-180-



C WAVE

I SUBROUTINE GWAVE (ERY,EZv,ERH,EZH,EPH) ON I
2 C GW 2
3 C GWAVE COMPUTES THE ELECTRIC FIELD, INCLUD11IW GROUND WAVE, OF A OW 3
4 C CURRENT ELEMENT OVER A GROUND PLANE USINO FORMULAS or K.A, NORTON aW 4
5 C (PROC. IRE, SEPT., 1937, PP.1203,1230.) OW 5

I COMPLEX 7.J,TPJ,U2,U,ftK1,RK2,T1,T2,T3,T4,Pl.pVomR,w,r,Q1,RH.,v,oxR ow 7
a lXR2,X1,X2,X3,XA,X5,XI.X7,EZV,ERV,EZHERH,CPH,XXI,XXI,EOONJU$AR OW 8
9 COMM~ON /OWAV/ U,U2,XXI,XX2,RIR2,zUNZPN ow 9
10 DIMENSION rJX(2), TPJX(2), ECONX(2) ow 10
II EQUIVALENCE (FJ,FJX), (TPJ.TPJX). (CCONC90DX) OW 11
12 DATA PI/3.14i592084/jfJX/0.,I./.TPJX/O.,.S~li$530SO/ OW 12
13 DATA ECONX/O..-18S.367/ OW 13
14 SFPPNuZMH/Ri OW 14
15 SPPP2mSPp0*lPpP ON Is
1s CPPP2uI.-SPPP2 OW Is
17 IF (CPPP2.LT.1 .E-20) CPPP2mI.E-20 OW 17
IS CPPPwSORT(CPPP2) OW 18
IS SPPmZPH/R2 OW III
20 SPP2wSPP*5PP ow 20
21 CPP2wI.-SPP2 aW 21
22 IF (CPP2.LT.I.E-20) CPP2ui.t-20 OW 22
23 CPPwSQRT(CPP2) OW 23
24 RKIw-TPJ$Ri OW 24
25 RK2w-TPJ*R2 OW 25
20 71u.1 -U2*CPP2 OW 26

27 72.CS0RT(TI) OW 27

28 T3u(l.-I./RKi)/RKI aW 23

29 74n(1,-I ,/RK2)/RK2 OW 29
30 PiaRK2*U2$Ti/(2.QCPP2) OW 30

31 RV=(SPP-UOT2)/(SPP+UOT2) ow 31

12 Oh4Rul .-RV OW 32
33 wul ./OMR GW 33
34 Ww(4,.0.)*PI.W*W OW 34
35 F=FBAR(W) OW 35
36 QlwRK26TI/(2.*U2*CPP2) OW 36

37 RH%(T2-UOSPP)/(T24UOSPP) OW 37

38 V.1./(i.+RH) OW 38
39 Vu(4.,0.)*Q¶OV*V OW 39

40 GarBAR(V) OW 40

41 XR1=XX1/RI GW 41

42 XR2nYx2/R2 OW 42

43 Xi=CPPP2*XRI OW 43

44 X2zRY$CPP2$XR2 OW 44

45 X3z0MR*CPP2fF*XR2 OW 45
46 X4aU*T205PP*2,*)R2/RIK2 OW 46

47 X5zXRI'T3$(l,-3*SPPP2) OW 47

45 W16=XR26T46(i¶ -3,*SPP2) OW 48

49 EZV=(XI+X2+X3-X4-XS-XG6PCCON OW 49

50 XlwSPPPfCPPP*XRl OW 50

51 W2=Rv6SPP4CPP*XR2 OW 51

52 X3=CPP0OMR*U*2*FXR2 OW 52

53 X4%SPPOCPP$OMR$XR2/RK2 Ow 53

54 Xb=3,*SPPP$CPPP73*XRi OW 54
55 X5uCPPsOLT2$OMR*XR2/RK2*5 OW 55

56 X7=3,*SPP*CPP*T4*XR2 OW 58
57 ERV=-(X1+X2-X3+X4-XS4X6-X7)*ECON (IN 57

58 EZHc-(X1-X2+X3-X4-X5-X6+X7)*ECON ow 58

59 XIMSPPP2*XRI aW 51

60 X2zRY*SPP2*XP2 OW G0
61 X4=U2*T1*OMR$F*XR OW 01
6' X5=T3*(i .-S3CPPP2)KXRI OW 62

63 X6=TA4~i -3.*CPP2)'( ..-U2$(1.+RV)-U20kR7F)$XR2 (;w 63

is6, X7U2*CPPP'OIMR'C1 -I /'RK2)'(F'(U2'T11-SPP2-1 /RK2)+1 */RK2)*XR2 OW 64



0 WAVE

05 ENu((l-X2-X4-XS+X6+X7)*ECON ow 65
66 X1.xRf aw 66
67 X2=RN*XR2 OW 67
so XSN(RNHt . )Oo*RI ON 66

st X0u136M w $

72 EPHE-(XI-Xg+X3-K44N5.+Xg)@ECO ow 72
73 RETURN 137
74 END OW 74-



GX

GX. URPOSE
To evaluate terms for the field contribution due to ueptent and# in the

thin wire kernel.

SYKBOL DICTIONARY

0
GZP *-(I + jkr) exp(-Jkr)/r3

R ut

RH +

RK klR

CODE LISTING

I susflOUTZNE ax (Z2,RH1XK,0zOZP) ox
2 C SEGMENT END CONTRtZBUTioNs roR THIZN MER APPROX. ox 2

3 COMPLEX GZ,OZP O
4 R2a2Z*ZZ+RH$RH OX 4
& RESQRT(R2) ox a
6 RIguXK*f OX 6
7 02*CMPLX(COS(RK)I-SIN(RK))/R ox 7
s CZPm-CMPLX(1.,RK)*oZ/R2 ox 6
g RETURN ox g

10 END OX 10-

-183-



GXX

PURPOSE
Tc4 evaluate terms for the field contribution due to segment ends in the

extended thin wire kernel.

METHOD

equation 89 through 94 In Part I arg evaluated for p a s, md

equationi99 through 103 for p a. Several varisales are used for storage

of intermediate results before beit& set to their fina values.

SYMOL DICTIONARY

A - radius of source sepent, a
2

C1 w I + Jkr 0

C2 w 3(l + JkrO) -kr

C3 u (6 + jkr0 )k 2r 0
2  15(1 + Jkr0)

01 - 01

GlP - ac I/am'

G2 G 2

G2P * 2/381

G3 - 1•a1 p0

GZ G 0

GZP * 5%/SI'

IRA 1 2 to indicate P < a

R r0

R2 r02

R4 * r0
4

RH = p

RH2 p p2

RK kr 0

RK2 k - r0

Ti - a2p2/4'r4

T2 = a 2 /2r 2

XK k k * 2T/X

ZZ Z 2' - Z
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I SUBROUYNE GXX (ZZ,RH,A,A2,XKftA.01,iP01P,G02P.03,0lP) by 1
2 C SCGMENT END CONIRINUT~flNS VOR WN. THNH WTRE APMR0Y CV 2
3 COMPLEX 0Z.CI.C2.C3.0IGiý.32.02PCSO2P by 3
4 R2aZZ$ZZ4RHORH by. 4
5 AuI@RT(R2) y

7 RK.K*

* RH2vRN*RH C ,Y !1.- """ *+
10 Tim.256A26RHO/4 c' 1
Il 12u.SOA2/R2 by ut
12 C1.CMPLX(I..RK) cV ,
13 C2w3.*CI-RK2 ~
14 C3.CMPLX(G.,RK)*fK2-i5.*Cf .V ... 4.
15 GZOCMPLX(COS(RK) .-SZN(RK))/A, f6-tI

17 @1mC2-T2*CI*GZ ,.i V*, by 17,
Is C~GZuO/R2 .. ,YAS

19 *2FwOZ*(TI'C3C) i
20 GZPET2*C20Z llyV ~
21 G3mG2P+GZP 'by 21
22 0IPwG3*ZZ
23 IF (ZRA.EO.I) 00 TO I j. A .23
24 Q3u(G3tGZP)*RH -PY .2
25 CZP.-ZZ*Cl*CZ by~ .:I
26 IF (RH.OTAA.-10) 00 TO I GY 25
27 02G.0 OY 27
28 02po0, GY 28
29 RETURN GY 29
30 1 02mO2/RH CV '30
31 02P*O2P*ZZ/RH GY 31
.32 RETURN GY 32
33 2 T2u.56A GV 33
34 02u-T2*CI$CZ by 34
35 02PoT2*GZ*C2/R2 GY 35
36 G~wRH2$G02PA*CZ*CI CV 36

39 RETURtN Y3
40 EN~D CV 40-
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UnK

?URPOSE

,,i To aomput, the near 4 field of a uniform current filament by numerical

METHOD
The. K field of a Mrr•snt filament of length A with uniform current

"distributio, of maiittudk I is £j

"�!~ f ~ vp(.kr) (k,)-]

Wh...•e. r, p'm .z '"nd sz ar d'aiined ln the description of subroutAIne GH. The
|n ericAl intesgation is performed by the method of aemberg quadraftre vith

"'variable interval width, which is described in t~he discuseton of, subroutine

INTX. The integral is multiplied by kpO/2 at H779 and 08S0 in the code.

SYMBOL DICTIOHLEY

,Jhix listing excludes those variables used in the ntmerical quadrature

algorithm, which are defined under subroutine IRTZ.

RHK kPI

SGI imaginary part of H#

SGR - real part of H#

ZPK - kz' (zu - x coordinate of observation point)

ZPKX - ZPK
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flZ m

I SUBROUTINE HfK (CLi,EL2.RHK,RPKXSGR,SGI) Hr 1
2 C HFK COMPUTES THE m FIELD Or A UNIFORM CURRINT FILAMENT mY Hr 2
3 C NUMERICAL INTEGRATION HF 3

4 COMMON /TMH/ ZPK,RHKS HF 4
is5 DATA NX,NM.NTS,RX/1,65536,4,l.E-4/ HF 5

6 RPKnZPKX HF 4

2tUEL2 H
10 SwZE-Z HF io
11 tPwS/(1OSNM) HF il
12 ZENDOZE-EP HF 12
13 SORuOCO HF 13
14 SOIuOCO HF 14
1S NSUNX HF 15
Is Nywo HF 16
17 CALL OH (Z,GIR.011) HF, 17
Is I DZUS/NS Hr 1*6
10 ZP.Z+Dz HF 19
20 IF (ZP-ZE) 3,3,2 HF 20
21 2 0ZEZE-Z HF 21
22 IF (ASS(DZ)-EP) 17,17.3 Hr 22
23 3 DZOTw0Z#.5 HF 23
24 ZpaZ+020T HF 24
25 CALL OH (ZP,03R,031) HF 25
26 ZPBZ+DZ HF 20
27 CALL 014 (ZP,O5R,051) HF 27
28 4 T0ORN(01R4.OSR)'DZT HF 28
29 TOOIN(011 +O5I)*DOT HF 29
30 TOiRw(Y00R4DZ4O3R)*005 HF 30
31 T0lIQ(TO0I+DZ*O31)*O.5 HF 31
32 TIORm(4.0*TOiR-TO0R)/3.O HF 32
33 T10I%(4.0*T0iI-TO0I)/3.O HF 33

34 CALL TEST (TOIR,TIOR,TEIR,T1il,T101,TC1IO.) HF 34
35 IF (TCil-RX) 5.5,6 HF 3S

36 5 IF (TEiR-RX) .8,86 HF 36
37 6 ZPuZ4DZ60.25 HF 37
38 CALL OH (ZP,02R,021) HF 38
39 ZPwZ+DZ60.75 HF 39
40 CALL OH (ZP,O4R,04I) HF 40
41 TO2Rm(T0lR+DZOT*(02Ri.04R)),o-5 Hr 41
42 T021w(TOII+DZOT*(021+G41))*0.5 HF 42
43 TliR%(4,0$T02R,-TOlR)/3.C HF 43
A4 TllIx(4U0TO2I-.TOlI)/3.0 HF 44
45 T2ORu(16.0*Ti 1R-TiOR)/l$,O wF 45
48 T201%(i$60*T1 I-Ti0l)/i5.O HF 46
47 CALL TEST (TIIR.T20R,TE2P,T11iT201,TE21.0.) HF 47
48 IF (T12I-RX) 7.7,14 HF 46
49 7 IF (TE2R-RX) 900,14 HF 49
so & SORaSGR+TiOR Hr 50
51 SG~wSGX+TlOl HF 51
52 NT=NT+2 HF 52
53 00 TO 10 HF 13
54 9 SGR*SGR+T20R HF 54
55 SGImSG!+T201 HF 55
be N T -N T+ I HF 5a
57 10 ZEZ+DZ HF 57
55 IF (z-ZcND) 11,17.17 Hr 56
59 11 GiRmO5 HF 59
60 GllxG51 Hr s0
51 ir (NT-NIsS) 1,12,12 HF 61
62 12 v. (NS.4NX) 1.1.13 HF 62
63 13 N~SuNS,'2 HF 63
64 NTIp HF 64
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far~ 1%

65 Go0101 Hr 65
66 14 NIwO Hf 56
67 IF (NI-NM) 16,15.15 HF 67
65 Is PRINT 16, Z HF 68
60 0010O9 HF 69
.70 IS NS0S2 HF 70

11 bZ83/Ns IHF 71
71 OZO700260,5 Hf 72

73 050*03R HF 73
74 OXm3 Hf 74
76 @RA HIF 75
76 CH-itu2 HF 78

77 00 TO4 HF 77
7517 COM!ZNU[ HF 78

79 SoRUISGOA*HKO,5 Hr 7s
do SGO~mGZ*RHKO.5 HF 80
W1 RETURN Ht $I
$a, C Hf 52
6.3 1.6 fORMAT (;2ýH STEP SUC L~ItTCD AT.Zns,FIO.) HF 83

E4 ND HV 64-
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HIMid

HIINTG

S PURPOSE

To compute the near magnetic field dup to a single patch in free space

or over ground.

METHOD

The magnetic field is computed at the point, X6 YI, ZI due to the patch

defined by parameters in COMMON/DATAJ/. The I field at 'r (XI)x + (YI)9 +

(ZI)'z due to patch 1, centered at ri, in approximateda:

*11'(7) 1( + JkR) 1R)31 xC/A X 4 A I A

where - r -T and A is the area of patch i. This expression treats the

surface currents as lumped at the center of the patch. i is computed for unit

currents along the surface vectors t iand it'21*
When a ground is present, the code is executed twice in a loop. In the

second pass, the field of the image of the patch is computed, multiplied by. the reflection coefficients, and added to the direct field.

SYMBOL DICTIONARY

CR a cos (kR)

CTH - coo e, e - angle between the reflected ray and the normal to

the ground

EXC I

EYC a x, y, and z components of H excluding (X %) term
EZC

EXK

EYK a for = tli
EZK

EXS
EYS a f r- J i 2 1

EZS
rix

Fly - T1 for -Jt direct or reflected field contribution
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F2Y - H for __, -t 21; direct or reflected field contribution

F2Z

FP1 w 47

CAM w excluding the term (CRI) x

IP - 1 for direct field, 2 for reflected field

IPERF - I for perfect ground, 0 othervie.

KSYMP w I for free space, 2 for &round

I w unit vector normal to plane of Incidence for reflected ray p
Py

RFL - +1 for direct field, -l for reflected field

RK - kR; k a2W/

RRH - %
RRV iRVRSQ •R2i/2RX
RY = I

S A A/2

SR * sin (kR)
T1XJ1

I A

TlYJ t til

TIZJ

T2XJ1

T2YJ -

T2ZJJ

T1ZR - z component of tli for patch i or for the inmag of patch i

reflected in the ground

T2ZR * same as T1ZR for the t21

TP .27

YI a field evaluation point r/X

xZI0
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XJ
YJ position of center of patch r1 /)

XYMAG - magnitude of W/A projected on the x-y plane

CONSTANTS

12.56637062 w 47

6.283185308 - 2n
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HI NTG

I SUBROUTINE HINTC) (XI,YI.zI) HI 1
2 C HINTO COMPUTES THE H FIELD OF A PATCH CURRENT HI 2
3 COMPLEX CXK,EYK,E2K,EXS,EYS.EZS.CXCCYC,EZC.ZRATZ,ZRAT12,CAM,FlX,F HI 3
4 ¶1Y.F1Z,r2X,F2Y,F2ZRRV.RRH,T1 ,rRATI HI 4
5 COMMON /DATAJ/ S,I,XJ,YJ,ZJ.CA3J,5A3J,IALPJ,EXK,EYK.EZK.EXS,tYS,EZ HI 5
S IS.EXC,EYC.EZC,RI(H,XEXK,IN01,ZND2,ZPOND HI 6
7 COMMON /OND/ZRATIZRATZ2,FRATI,CL,CH,SCWWL,SCRWR,NRAOL,KSYhIP.IFAR. HI 7
a IIPERF,Tl,T2 ml 6
9 EQUIVALENCE (TIXJCAUJ), (TIYJ.SAIJ). (TIZJ,SALPJ)I (TaXJ.m), (T2Y HI 9

10 IJINDI), (T2ZJ.1ND2) HI 10
11 DATA FPI/12.56637052/,TP/5.233165306/ HI 11
12 RXuXI-XJ HI 12
13 RYwYI-YJ HI 13
14 RrLu-1. NI 14
Is EXKm(0.,0.) HI 15
16 EYK.(O.,0.) HI 16
17 EZKN(0.$,0) HI 17
18 EXS&(O.,0,) HlIs1
19 Eysm(O..O.) HI 19
20 EzSE(O,,O.) HI 20
21 DO 5 IPuI ,KSYMP HI 21
22 RFLw-RFL HI 22
23 RzZ=2-zJ*RrL HI 23
24 RS~wRX6RX+RY*RY4RZ*RZ HI 24
25 IF (RSQ.LT.1.E-20) GO TO 5 HI 25
26 RwSQRT(RSO) HI 26
27 RKmIP*R HI 27
28 CRUCOS(RK) HI 25
29 SR=SIN(RK) HI 29
30 GAMz-(CMPLX(CR,-SR).ftK'CMPLX(SR,CR))/(FPI*RSQ0R)OS HI 30
31 EXCmGAM6AX HI 31
S2 EYCoGAMORY HI 32
33 EZC=GAM$RZ HI 33
34 TIZR*TiZJORrL HI 34
35 T2ZRzT2ZJIRFL HI 35
36 FIX2EYC*TlZR-1ZC*TiYJ HI 36
37 FIYmEZC6TIXJ-EXC4TIZR HI 37
38 F1Z2EXC$TlYj-EYCOTlXJ HI 38
39 F2XzEYC*T2ZR-EZC*T2YJ HI 39
40) F2YmEZCOT2XJ-EXC*T2ZR HI 40
41 F2ZvEXC4T2YJ-tYC*T2XJ HI 41
A2 IF (IP.E0.) (.-- TO 4 HI 42
A3 IF (IPERF.NE.1, 00 TO I HlU 43
44 FIX=-FIX HI 44
A5 FIY:-riy HI 45
A6 F1Z=-FIZ HI 46
47 F2X=-F2X HI 4'
AS F2Yc-F2Y HI 48
49 F2Z=-F22 HI 49
50 GO TO4 HI so
51 1 XYWvAG=S0RT(RX0RX+RY*RY) HI 51
52 Ir (XYMA0.GV IcE-6) 0O 10 2 HI 52
53 Pxco. HI 53
54 PY=O. HI 54
55 CTH=I. HI 55
56 RRV=(liO.) Hy 56
57 00 70 3 HI 57
58 2 I'Xm-Po'/XYMAG HI 58
59 PY=RX/XYMAG HI 59
60 CTH=RZ/P HI s0
61 kRý=CSQRT(1 *-ZPAt7*ZRATI'(1.-CTrH*CTH)) HI 61
02 3 RRH=ZRATIOCTH HI 62
63 RPH=(RRH-RRV)/(ARH+RRV) HI 63

64 RR~rZRATIORRY HI 64
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65 RRVu=-(CTH-RRV)/(CTH+RRY) HI 65
66 GAM=(FlX*PX+FlY*PY)*(fRRV-RRH) H! 66
67 FIX*rIXORRH+cAM$PX H! 67
68 FIY*F1YORRH+CAM*PY HI 68
69 rlz=rlz*RRH H~I eg
7D OA~M(F2X*PX+F2Y$PY)*(fR~V-RRH) HI 70
71 r2XuF2X$RRH+GAMOPX H! 71
72 r2YnF2YRNRH+GAM*PY HI 72
73 F2ZuF224NRH M! 73
74 4 EXKmuXK+FiX H! 74
75 EYKmEYK+FIY HI 75
76 EZKmEZK+FIZ H! 76
77 EXSaEXS+F2X H! 77
76 CY~mEYS+F'2Y HI 76
79 EzsuEzs+r2Z HI 79
so 5 CONTINUE H! 60
al RETURN H! $I
82 END H! 62-
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HSFLD

PURPOSE
To compute the near magnetic field due to constant, sine, and cosine

current distributions on a segment in free space or over gromd.

METHOD

The magnetic field is computed at the point X6, YUs ZI due to the

segment defined by parameters in COMlON/DATAJ/. The fields computed by

routine HSFLX are stored in /DATAJ/. When a ground is present, tho code is

executed twice in a loop. In the second pass, the field of the image of the

segment is computed, multiplied by the reflection coefficients, and added to

the direct field.

The field is evaluated in a cylindrical coordinate system with the

source segment at the origin. The radius of a segment on which the field is

evaluated is treated in the same way as for the electric field in subroutine

EFLD# When the field evaluation point is not on a segment, the observation

segment radius is set to zero in the call to RSFLD. Thus, as for the electric

field, the p coordinate of the field evaluation point is computed for the

surface of the observation segment as p' a (p2 + a 2 ) 1 / 2 where p is the

distance from the axis of the source segment to (XI, YI, ZI) and a is the

radius of the observation segment. The resulting H field is multiplied by
0/pg.

SYMBOL DICTIONARY

Al - radius of observation segment, if any

CTH - cos 0, e - angle between the ray reflected from the ground

and vertical

ETA a n-=

HPC

HPK * H due to cosine, constant, and mine current, respectively

HPS

PHX

PHY - (W/p')o in the cylindrical coordinates of the source segment

Jt or its image
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PX - unit vector normal to the plane of incidence of the reflected

PY ray, p

QX
QY P/P' (•R + (RV - RM)(* P)P] for reflected ray

RF a +1 for direct field, -1 for reflected field
RH 0 pI

RHOSPC - distance from coordinate origin to the point where the ray
from the source to (Xl, Y1, ZI) reflects from the ground

RHOX1

RHOY w p or

RHOZ

RHAG w distance from the field evaluation point to the center of the

source segment
RRH R

RRV wR
SALPR - z component of unit vector in the direction of the source

segment or its image

YII - x, y, z coordinates of the field evaluation point

XIJ1

YIJ - x, y, z components of distance from center of source segment

to field observation point

XSPECI - x, y coordinates of the ground plane reflection
YSPEC point

XYMAG - horizontal distance from the source segment to the field

observation point

ZP - projection of the vector (XIJ, YIJ, ZIJ) on the axis of the

source segment

ZRATX - temporary storage for ZRATI

0
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SUBROUTINE HSFLD (X!,YI,ZZAI) HS 1

2 C HSFLD COMPUTES THE H4 FIELD FOR CONSTANT, SINE, AND COSINE CURRENT HS 2
3 C ON A SEGMENT INCLUDING GROUND EFFECTS. MS 3
4 COMPLEX EXK,EYK,EZX,CXS,EYSEZSEXC.EYC.EZC,2RATI.ZRATI2,TIMPKMP HS 4
5 IS.HPCOX,OY,02,RRV,RRH,ZRATX,FRATI MS 5
6 COMMON /DATAJ/ S.,BXJ,YJ,ZJ,CABJ,SABJ,SALPJSCXK,EYK.EZK,EX5,EYSEZ HS 5
7 1S.EXC,EYC,EZCRKH,ZEXK,INDI,IND2,IPONO MS 7
8 COMMON /GNt/ZRATIZRATI2.rRATI.CL,CMSCOILSCRWRNRADL,KSYMPIFAR. MS 8
2 IIPCRF,T1,T2 MS 9
10 DATA ETA/376.73/ MS 10
II XXJRXI-XJ MS 11
12 YZJRYZ-YJ MS 12
13 RFLm-I. MS 13
14 DO 7 IPuI.l(SYMP MS 14
15 RFL.-RFL MS 15
is SALPR=SALPN*RFL MS 16
17 ZlJuZ!-RFL*ZJ MS 17
18 ZP*XZJOCABJ+YIJOSABJ+ZIJOSALPR MS 18
Is RHOX.XIJ-CABJOZP HS 12
20 RHOYmYZJ-SABJOZP HS 20
21 RHOZuZIJ-SALPRGZP MS 21
22 RHMSQRT(RHOXORHOXRHOY*RHOr4RHOZ*ROZ+AIOAI) MS 22
23 IF (RH.GT.l.E-lO) GO TO I MS 23
24 EXKWO. HS 24
25 EYK.0. MS 25
26 EZKuO. MS 26
27 EXSwO. MS 27
28 CYSmO, MS 26
29 EZSuO. MS 29
30 EXCRO. MS 30
31 EYCOO. MS 31
32 EZCuO, MS 32
33 OCT0O7 MS 33
34 1 RHOXwRHOX/RH MS 34
35 RHOY2RHOY/RH HS 35
36 RMOZ*RHOZ/RH MS 36
37 PHXuSABJORHOZ-SALPRORHOY MS 37
38 PHYwSALPR*RHOX-CA8J*RHOZ MS 38
39 PHZeCABJORHOY*-SASJ*PHOX MS 39
40 CALL HSFLX (S,RH,ZP.MPKHPS,MPC) MS 40
41 IF (IP.NE.2) 00 TO 6 MS 41
42 IF (IPERr.EQ.I) GO TO 5 MS 42
43 ZRATXzZRATI MS 43
44 RL4A~vSORT(ZP4ZP+RH'RH) MS 44
45 XYMACzSQRT(XIJOXIJ+YI.JYIJ) MS 45
46 c HS 46
47 C SET PARAMETERS FOR RADIAL WIRE GROUND SCREEN. HS 47
48 C MS 48
49 IF (NRADL,EO.O) 00 TO 2 MS 49
50 XSPECa(XZ*2j4ZI'XJ)/(ZI+ZJ) MS S0
51 YSPEC=(YI02J+ZIOYJ)/(ZI4ZJ) MS 51
52 RMOSPC=SQRT(XSPECOXSPEC4YSPECOYSPEC+T2oT2) MS 52
53 IF (RIAOSPC.GT.SCRWL) GO TO 2 MS 53
54 RRVuTI .RHOSPCOALOO(RHOSPC/T2) MS 54
55 ZRATXw(RRV*ZRATI)/(ETAOZRATI4RRV) MS 55
56 2 IF (XYMAOG.T.l.E-6) GO TO 3 HS 56
57 C MS 57
58 C CALC~ULATION OF RE7LECTION COEFFICIENTS VMEN GROUND IS SPECIFIED. MS 58
59 C HS5 59
60 PXN.O MS 60
61 pyxo, MS 61
621 CTHrl MS 62
63 RRV=\I..C.) MS 63
6A GO TO 4 HS 64
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as 3 PX=-YIJ/XYMAG MS 65
66 PY=XIJ/XYMAG HS 60
6/ CTM=ZIJ/RM1AG MS 67
68 RRV.CSORT( I,-ZRA7X*ZRATX'( ¶.-CIMOCTM)) HS Go

Go 4 RftMUZRAlX*CTH HS 69

71 RRVmZRA7X*RRV MS 71

711 QY=(PHX*PX+PHY*PY)*(RRV-RRH) S7
74 QXaOYRPX+PHXORRM HS 74
75 QY=0YOPY4PHYORRH MS 75
78 0ZwPHZ*RRH HS 76
77 EXK=CXK-HPXOOX MS 77
78 EYKoEYK-MPK$QY MS 76
70 CZKmCZK-HPKOQZ MS 79
80 EXS=EXS-HPSOQX HS so
al EYSwEYS-HPS*0Y HS 81
82 EZSCEZS-HPSOQZ MS 82
83 EXCwCXC-HPC*QX MS 83
84 EYC.CYC-HPC*0Y MS 84
as CZCnEZC-HPCQOZ MS 85
so GO0TO7 MS as
87 5 CXK=EXK-HPk*PHX HS 87
88 EYKuCYK-HPKOPHY MS as
89 CZK=EZK-HPKOPNZ MS 89
00 EXSuCXS-HPSOPHX HS 00
91 EYSwCYS-HPS*PHY MS 91
92 EZSnEZS-HPSOPHZ MS 92
23 EXCoEXC-HPC$PI4X HS 93
04 EYCmEYC-HPC6PHY MS 94
95 EZCwEZC-HPC*PHZ MS 95
96 00 TO7 MS 96
9? 6 EXKUHPI0PHX MS 97
98 EYK.HPK*PHY MS go
99 EZI(:HPKOPHZ HS 99
100 EXS=HPS*PHX MS 100
101 EYSwHP59PHY MS 101
102 CZSxHPSOPHZ MS 102
103 ECwCHPC*PHX MS 103
104 CYCwHPC6PHY HS 104
105 EZCwHPCOPHZ MS 105
106 7 CONTINUE MS 106
107 RETURN MS 107
108 END HS 106-
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PURPOSE

To compute the near H field of filamentary currents of sine, cosine, and

constant distribution on a segment.

METHOD

The wire segment is considered to be located at the orilin of a local

cylindrical coordinate system with the point at which the H field is computed

being (p, *, z). The coordinate geometry for a filament of current of length

A is shown in figure 7. For a sine or cosine current distribution, the field

can be written in closed form. For a current

ruin kz'1
L or ka'

the field is

S ( "k €o. (kA/2) oe(k)/2)
Ho (•), z)= exp(-Jkr2 Lsin(kL/2) W-spJkrl) 18CInNA/I2)

exp)(-J kr2) i ZkA jt1 ,

- J(kz - kA/2) -jkr)2 [Lsi (kA/2)J

exp('Jkr1) crin (kA/2)

+ J(kz + kA/2) -.. kr coo [: .

10 /A - 1 is assumed in this routine.

For small values of 0 with Itl > 6/2, this equation may produce large

numerical errors due to cancellation of large terms. Hence, for a > 0 and

p/(- A/2) < 10" 3 1 a more stable approximation for small p/(s * 6/2) ix used:

"HPZ (.Io X) exp('Jkz) 21' + 2)r 7iT rl
8rr I (zh + A/2)7 - (z - Z/2)7AJL-jj

+ e!xpikL/2) join (kA/2)) _ _.LP(-JkA/2) (-@in (k.A/ 2))1
.(z,_A/2)12/72 co (kA/2) (&+A/2) 2 /X 2  coo (W/ 2)j

For z < 0, the above equation is evaluated for H (Po - z), The field of a

sin kz' current is multiplied by -1 in this case, since it is an odd function

of Z.
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SA12 - e-"-

Segment NN 0 ,0,, -. P

Figure 7. Coordinates for Evaluating H Field of a Segment.

The field due to a constant current is obtained by numerical integra-

tion, which is performed by subroutine HFK. If p is zero, all field quanti-

ties are set to zero, since H is undefined.

SYMBOL DICTIONARY

.CDK a cos(kL/2)

CONS a -J/(2kP)

DH - /2

DK w M/2

EKRl a exp(-JkrI)

EKR2 - exp(-Jkr 2 )
FJ " J

FJK a -j2?

HKR, HKI - real and imaginary parts of H due to a constant current

HPC

HPK - H1 due to cosine, constant, and sine currents, respectively

HPS

HSS w sign of z

P18 - 81
Rl w r I

R2 w r2

R112 a p2

RI!Z - r2/(z - 5/2)
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SDK u sin(kL/2)

TP a 2w

zi a z +A/2

Z2 a z - 6/2
ZP a= Z

e
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I SUBROUTINE HSFLX (S.RH,ZPX,HPK.NPS.NPC) HX I
2 C CALCULATES H FIELD Or SINE COSINE, AND CONSTANT CURRENT Or SEGMENT HX 2
3 COMPLEX FJSFJK,EI(RI ,CKR2,T1 ,T2.CCNSHPS,M!'C.HPK !IX 3
4 DIMENSION FJX(2). FJXX(2) MX 4
5 EQUIVALENCE (FJ.FJX). (FJK.FJKX) NX 5
* DATA TP/6,2S3115306/,rJX/o.,1,/,FJKX/O.,-4.28.3105301/ HX 6
7 DATA PIB/25.13274123/ HX 7
8 IF (RH.LT.I.C-1O) GO TOO M X 8
9 IF (ZPX.LT.0.) 00 TO I MX 9
10 ZPwZPx HX 10
11 HSSul. HX 11
12 GO TO2 MX 12
13 1 ZPW-ZPX MX 13
14 MSSU-1, MX 14
15 2 DM..5*S MX 15
18 Z1.ZP+DH MX 16
17 Z2uZP-DH MX 17
Is IF (M2LT.I.E-7) 00 TO 3 MX is
it, RHZmRH/Z2 HX 19
20 GO TO4 MX 20
21 3 RHZ=I. MX 21
22 4 OKwTP*DH MX 22
23 CDK=CQS(DK) MX 23
24 SDK=SIN(DK) HX 24
25 CALL MFI( (-DK,OKRHOTP,ZP*TP.HKR1 HKI) MX 25
26 HPKSCN4PLX(MKRMKI) MX 26
27 IF (RHZ.LI.1.E-3) 0O TO 5 HX 27
28 RHI=RH*RM MX 28
29 RlwSORT(RM2+Zl6ZI) HX 29
30 R2uSQRT(RH2+Z2$Z2) MX 30
31 EKRInCEXP(FJK*RI) MX 31
32 EKR2=CEXP(FJKOR2) MX 32
33 TizZlOCKRi/Ri MX 33
34 T2wZ2*EI(R2/R2 MX 34
35 HPSu(CDK.(EKR2-EKRI)-rJ'sDK*(T24TI))*Mss MX 35
38 HPC=-SDK*(EKR2+EKRI )-FJGCDK.(T2-T1) MX 36
.37 CONS=-FJ/(2.*TP$RH) MX 37
38 IHPS=C0NSOHPS MY 38
39 HPCwCONS*HPC MX 39
40 RETURN MX 40
41 5 EKRI=CMPLX(CDK.SDK)/(Z2422) MX 41
42 EKR2=CMPLY(CDK..-SDK)/(ZIOZI) MX 42
43 TI.-TP*(1/ZI-l./Z2) MX 43
44 T2=CEXP(FJKOZP)ORM/PI8 MX 44
45 MPSzT2*(Ti+(EKRI4{KR2)$SDK)*HSS MX 45
A6 HPC=72*(-FJ$Tl+(EtKRI-EKR2)*CDK) HX 46
47 RETURN MX 47
48 6 HPS=(0,.0.) MX 48
49 HPC=(0..,) MX 49
50 MPKM(0..0.) MX 50
51 RETURN NX 51
52 END, MX 52-

Lm 
0 
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PURPOSE

To evaluate the Sommerfeld integral contributions to the field of a

source over ground by interpolation in precomputed tables.

METHOD

The interpolation region in R1 and 0 is covered by three grids as

shown in Figure 12 of Part I. The interpolation tables and the number of data

points and the boundaries of each grid are read from file 21 and stored in

COf*1ON/GGRID/ by the main program. In subroutine INTgP the variable x

corresponds to R, and y to 0.

The three interpolation tables are stored in the arrays All, AR2 and AR3

in CO&4ON/GGRID/. For grid i, AJi(1,J,K) is the value at

x I a i + (I - 1) Axi I 10 . ,. N i

yj - ti + (J - 1) Ay I 3 1J a K.

where ai - XSACL) , Axi - DXA(i) N * = NXA(i)

ti . YSA(i) ,Yi a DYACi) *i a HYA(i)

1V 1 sv ioH and foeqtis16trog19
Each array contains values for I I, * I I from equations 156 through 159

of Part I for K equal to I through 4, respectively. The grid boundaries and

density of points can be varied but the relative positions of the three grids

must be as shown in Figure 12 of Part I for the logic for choosing the correct

grid to work correctly. In particular, XSA(l), YSA(l) and YSA(2) must be

zero; and XSA(2) and XSA(3) must be equal.
V V H Hn 1

For a given x and y the values of I V, 0 I I Hand I are found by

bivariate cubic interpolation and returned in the variables Fl, 72, F3 and

F4. The grid containing (x,y) is determined and a four by four point region

containing (xy) is selected. If x. and Yk are the minimum values of x

and y in the four by four point region then four interpolation polynomials in

x are computed for y * yj with j = k, k + 1, k + 2, k + 3. These are

0
-202-



IRTRP3 2
f 1 .(x) - a + bi + c i + d..

ij ij i j 13 2. 1 . 1

* where (i " (x - Xi+ll/LX

a 1 , IF -F + -F1

ij I3,j i,j 3 (ri+lj - i÷2,j)1.

b. I-F ~2F +7 Fij 2 i,j i+l,j ÷i2,j

*ij" i+-'j [2Fi'j + i~l'+ ÷ li+30j'

3j Fi+lj

F i, " F(xi, Yj)

A cubic polynomial in y, fit to the points fij(x) for j - k, ... k + 3 is

then evaluated for the liven y to obtain the interpolated value F(x,y)

1 3 2
M(x,y)- (Pi P3%)+ P4

- (y - yk,)/Ay

pl a fi,k3 (x) " fik(x) + 3 [fi,I+l(x) - fijk+2(0)

P2 a 31f ilk(x) - 2fk+1 (x) f ik÷2(x)0

P3 " 6f i,k+2(x) " 2fik (x)- 3f ik~l(x) - fi,k*3 (x)
P4 - fi,k+l

To reduce computation time the coefficients aij, bi, 3 cij and di3 are

saved as long as successive points (x,y) fall in the same four by four point

region of a grid. In addition the four by four point interpolation regions

are reotricted to starting indices i and k with values 3n + 1, n s 0, 1 ....

Thus the regions do not overlap. This is loes accurate than centering the

region on each xy point but requires less frequent computation of the

coefficients. At the outer edges of a grid the regions are chosen to extend

to the edge but not beyond. If x,y is out of the entire three grid region the

nearest four by four point region is used for extrapolation.

The coefficients aij, bij, cij and d i are stored in two

dimensional arrays from IT 106 to IT 109. When they are used, from IT 118 to

-203-



INTRP

IT 149 they are used as simple variables (A(l,l) 5 All) to save time. Also

the three dimensional arrays ARI, AR2, and AR3 are used as linear arrays from

IT 92 to IT 105. The equivalent three subscripts are shovn in the comment at

IT 91.

SYKBOL DICTIONARY

Aij - A(i,j) - a1 j

ARI w ARLI w grid I

AR2 a ARL2 a grid 2

AR3 a ARL3 w grid 3

Bij - a(ij) a b*i

Cij - C(i,j) * cii

Dij - D(i,j) a d* j

DX a Ux for grid being used

DXA w array of'bx values for the three grids

DY - &y for grid being used

DYA w array of by values

EPSCF 0 CI - jo/we0

Fl a IV

V
72 a IV

F3 a IH

F4 a IN

FXI a f, .(x)

FX2 a f1 W1 (X)

FX3 W f* (x)

FX4 a f, j÷3(x)

IADD a index for linear arrays ARLi, etc.

IADZ a initial value for IADD

ICR - grid number for present x,y

IGRS a grid number for last x,y

IX a x index of the grid coordinate just loes than x

IXEG a x index of the upper edge of the last normally

located interpolation patch when a patch out of' the
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normal locations is used at the outer edge of a grid,

-10000 otherwise

IXS w 1 plus the x index of the lower edge of 4 by 4 point

interpolation patch

ITy, IYEG* IYS w same for y as IX, IX6G and %XS

K w 1, 2, 3, 4 for IV, I, I1 , tII

ND - NDA for the particular grid

NDA - array containing the first dimensions of LI, AR2 and

AR3

NDP = NDPA for a particular grid

NDPA - array containinS the product of the first two

dimsnsions in ARI, AR2 and AR3

NXA " number of % values in each grid

NX•t2 a NXA - 2 for a particular grid

NXHS - upper x index of the last normally located patch at

the edge of a grid

NYA, NYM2, NYMS a same for y as NXA, NXM2 and NX49

PI, P2, V'3, P4 a PL P2 1 P3 1 P4

X =x

" XSA for the present grid

,(S2 )CXSA(2) through equivalence

XSA * array of values of x at lower edge of each grid (si)
XX "'i

XZ "x.4 1 for cumputing •

Y y

YS YSA for present grid

Y,•]3 a YSA(':) through equivalence

YSA - array of values of y at lower edge of each grid (ti)
Y " -i 0 q k

V K+1 for computing n k
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I SUBROUTINE INTRP (x,y,ri.F2.r3,r4) IT 1
2 C IT 2
3 C INTRP USES BIVARIATE CUBIC INTERPOLATION TO OBTAIN THE VALUES OF IT 3
4 C 4 FUNCTIONS AT THE POINT (X,Y). IT 4
5 C IT 5
6 COMPLEX r1,F2,F3,V4,A,I,C,D,FXI,FX2,TX3,VX4,PIP2,P3,P4.A11,A12,A1 IT B
7 13,A14,A21,A22,A23,A24,A31,A32,A33.A34,A41,AA2,A43,A44,g1,1.12,813. IT 7
a 2B14,S21,522,023,124.13I,132.IS5,134,S41,042,843,144,CII,C12,C313CI It a
9 34,C21,C22,C23,C24,C31,C32,C33,C34,C41,C42,C43,C44,DIl,012,D13,014, IT g

10 4021,022,023,D24,D3i,D32,033,034,041',D42,D43,b44 IT 10
11 COMPLEX ARt ,AR2,AR3,ARLI ,ARL2,ARL3,IPSCr IT 11
12 COMMON /OGRID/ AR1(11.10.4),AR2(17,5,4),AR3(I.I,4),CPSCUDXA(3),DY IT 12
13 IA(3),XsA(3),YSA(3),NXA(3),NYA(3) IT 13
14 DIMENSION NDA(3). NOPA(3) IT 14
Is DIMENSION A(4.4). 0(4,4), C(4,4). D(4,4). ARLI(l). ARL2(1), ARL3(1 IT 15
Is 1 IT Is
17 EQUIVALENCE (A(I1,),AII), (A(l,2) A12), (A8 13),A13), (A(1,4),A14) IT 17
18 EQUIVALENCE (A(2,l).A21), (A(2,2),A22), (A 2:3),A23 , (A(2o4),A24) IT Is
19 EQUIVALENCE (A(3,1) A31), (A( 32).A32), (A(3.3).A33), (A( 3,4),A34) IT 19
20 EQUIVALENCE (A(4.t),A41), (A(4,2).A42). (A(4 3) ,A43)4 (A(4,4),A44) IT 20
21 EQUIVALENCE ( 8(,),n, (1.2).112). (8(1,5) .013), (80,.4),114) IT 21
22 EQUIVALENCE (8(2,1).821). (9(2,2)o$22). (1(2,3),123), (9(2,4).924) IT 22
23 EQUIVALENCE (0(3,1).931), (0(3,2).132). (9(3.3),133). (8(3,4).B34) IT 23
24 EQUIVALENCE (9(4.1),641), (5(4,2)5842). (9(4.3),943). (l(4.4),944) IT 24
25 EQUIVALENCE (C(1.1),Cli), (C(I.2),cI2), (C(1,3),CI3), (C(t,4).CI4) IT 25
26 CQUIVALENCE (C(2,I),C2l). (C(2,2),C22), (C(2,3),C23). (C(2.4),C24) IT 26
27 EQUIVALENCE (C(3,1).C3I), (C(3,2).C32). (C(3,3),C33), C(3,4).C34) IT 27
28 EQUIVALENCE (C(4,I).C41). (C(4,2).C42). (C(4,3),C43), WC4.4)4C44) IT 28
29 EQUIVALENCE (D(I,1.I) DI2).DI2), (D(I.3).013), (D(l,4),014) IT 29
30 EQUIVALENCE (D(2.1).D21). (0(2.2),022). (D(2,3),D23), (0(2.4),024) IT 30
31 EQUIVALENCE (D(3.1).osi), (0(3.2)0032). (o(,3J),DU), (D(3.4).b34) IT 31
32 EQUIVALENCE (D(4.1).D41), (D(4.2),042). (0(4.3),043)o (0(4,4),D44) IT 32
33 EQUIVALENCE (ARLI,ARI). (ARL2,AR2), (ARL3,AR3), (XS2,XSA(l)), (YS3 IT 33
34 1,YSA(3)) IT 34
35 DATA IXS,IYS,IGRS/-10,-lO,-iO/,DXOYXS,'VS/1.,.,.O.,O./ IT 35
38 DATA NOA/l1,IT,9/,NDPA/110.85,72/,IKEOIYCO/OO/ IT 36
37 IF (X.LT.XS.OR.Y.LT.YS) 00 TO I IT 37
38 IxUINT((X-XS)/DX)4.i IT 38
39 IYEZNT((Y-YS)/DY).1 IT 39
40 C IT 40
41 C IF POINT LIES IN SAME 4 BY 4 POINT REGION AS PREVIOUS POINT, OLD IT 41
42 C VALUES ARE REUSED IT 42
43 C IT 43
44 IF (IX.LT.IXEG.OR.IY.LT.IYEG) G0 TO 1 IT 44
45 IF (IABS~(X-IXS).LT.2.AND.IABS(IY-IYS).LT.2) 00 TO 12 IT 45
46 C IT 46
47 C DETERMINE CORRECT' GRID AND GRID REGION IT 47
48 C IT 48
49 1 IF (X.GTXS2) 0O TO 2 IT 49
so IGR:1 IT so
51 GO TO 3 IT 51
52 2 IGR=-2 IT 52
53 IF (YGT.YS3) IGRl:3 IT 53
54 3 IF (IGR.EOlOGRS) GO TO 4 IT 54
55 ZORSwIGR IT 55
56 DX=OXA(IGRS) IT 56
57 D~w0YA(IGRS) IT 57
58 XS=XSA(IGRS) IT 58
59 YSmYSA(IGRS) IT 59
60 NXM2=NXA(IGRS)-2 IT 80
61 NYM2,-NYA(IGRS)-2 IT 61
62 NXk4S=((NX42+1)/3)03+1 IT 82
63 NYMS=((NYM2+1)/3)*3+1 IT 63
64 ND=NDA(IGRS) IT 64
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65 NOPmNOPA(IGRS) 1T 65
66 IXmINT((X-XS)/DX)+1 1.T 66
67 I1umt4T((Y-YS)/DY)+1 IT 67
68 4 IXSu((IX-1)/3)03+2 IT 66
69 IF (IXS.LT.2) IXSm2 IT 68
70 IXECE-10000 0TOIT 70

73 IX(CwNXMS, T7
74 5 ZYS.((ZY-l)/3)0342 IT 74
75 IF (IYS.LT.2) IYSu2 IT 75
76 !YEGN-110000 IT 76
77 IF (IYs.LENvM2) 0O TO S IT 77
70 IYSwNYW12 IT 78
76 ZYEOuNYMS IT 76
SO C IT 80
at C COMPUTE COEFFICIENTS 0f 4 CUBIC POLYNOMIALS ZN x rOm THE 4 GRID IT 81
32 C VALUES or Y FOR EACH 0r THE 4 FUNCTIONS IT 82
63 C 1T 83
84 6 IAD2.IXS+(IYS-3)#ND-NDP IT 044
65 00 11 K*1,4 IT 85
86 IADZuIADZ.NDP IT 66
67 IADOEIAOZ IT 87
8s 00 it 1.1,4 IT 88
s6 IAODuIADD+ND IT 56
so 00 TO (7,8.9), TORS IT 90
61 C PloARI(IXS-i,IYS-2+1.K) IT 61
02 7 PiwARL1(IADD-11) IT 62
63 P2wARLI(ZADD) IT 63
64 P3uARLI (IADD+l) IT 64
66 P4uARL1 (IADO+2) IT 65
96 00 To10 IT 66
67 a PinARL2(IADD-1) IT 67
96 P2uARL2(IADD) IT 68
66 P3mARLZ(IADD+1) IT to
100 P4sARL2( IADD+2) IT 100
101 00 TO ¶0 IT 101
102 6 PlwARL3(IADD-1) IT 102
103 P2uARL3(IADD) IT 103
104 P38ARLS(IAOD+1) IT 1104
105 P4=ARL3(IADO4.2) IT 105
106 ¶0 A(I,X)N(P4-PI+3.(P2-P3))0.l666666567 IT 106
107 9(I.K)m(Pl-2.fP2+P3)*.5 IT 107
108 C(ZK).P3-(2.'P1+.O3P2+P4).,166666S667 IT ¶06
109 II 0(IK)=p2 IT 109
110 XZN(IXS-¶)*Ox+XS IT i10
ill YZ9(IYS-¶)*DY+Y$ IT lil
112 C IT 112
113 C EVALUATE POLYMOMIALS IN X AND) THEN USE CUBIC INTERPOLATION IN Y IT 113
114 C FOR EACH OF THE 4 FUNCTIONS. IT 114
1115 C IT 115
116 12 XXM(X-XZ)/DW IT 116
117 YY.( T-YZ)/OY IT 117
118 FXix((AIItXX+9l1)*XX+Cl)'):X+D¶1 IT lie
119 FX2u((A2iexXX.U2l).XK+C21)SXX+021 11 1it
120 FX3.((A3lSXX4B31)$XX+C31)$XX+03i IT 120
I'll FX4.((A416XX+B41)SXX+C41)@XX+D41 IT 121
122 PimPYA-FXI+3.$(7X2-FX3) IT 122
123 P2n3'$(FXI-2r*X2+FX3) IT 123
124 P3w6.*FX3-2,8F~l-3,*FX1-FX4 IT 124
i25 F1u((Pi'YY+P2)Syy4.P3)by16~seS666667+FX2 IT 125
126 FXiu( (Al26XX.912)$XX+C1 2)*XX+D¶2 1T '26
127 FX2z((A220XX+922)*XX+C22)*XX+D22 IT 127
128 FX32((A324XX+32)*XX+CS2)OXX+D32 IT 126
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121 FX4u((A42*XX4.142)SXX*C42)*XX+D42 IT ¶29
130 PiurX4-rXI+3.*(FX2-vX3) 17 130
131 P2z.3,(rXI-2.*FX2+FX3) IT 131
132 P3=6.*FX3-2.FXI-3.*FX2-FX4 It 132
133 F2u((Pi.YY.P2).YY+P3).YYO..166666667+FX2 11 133
134 7xiu((A13*XX+S¶3)eXX.C13)*XX+D13 IT 134
135 Fx2u((A23*XX+sI23)*XX4C23)*XX4D23 11 135
139 FX3a((A33.XX4.133).XK4.C33).XX.033 IT 136
137 FX4u( (A43*XX.143)0 XX4.C43)*XX4043 IT 137
136 PIEFlC4-rxi+3.*(FX2-FX3) 17 136
139 P2m3.0(rXi-2.*FX24rK3) 1713
140 P3m6SorX3-2,$FXI-3,*rX2-FX4 IT 140

¶41 T~a( (P1@YY+P2)OYY.P3)*YY@ 16666666674.7X2 I 4
142 rX~u (A14*XX+BI4)*XXK+CI4)*XX+Dl4 IT 142
143 FX2.( (A24'XX+324)*XX+C24)*XX+024 1T 143
144 FX3u((A34SXX+934)BXX+C34)$XX+034 IT 144
¶45 FX4u((A44*XX4.I44)$XX+C44)*XX+044 it 145
146 PloPX4-rXl.3.*(FX2-FX3) IT 148
147 P2w3.*(rXI-2.*rX24rX3) IT 147
145 P3.S,*FX3-2,*FXI--3,$*FX2-rX4 IT 148
149 F4.((P1SYY+P2)SYY+P3)*YYS.i166666667+FX2 IT 149
¶50 RETURN IT 1S0
151 END IT 151-
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* NTX

To numerically compute the integral of the function exp(jkr)/kr.

METHOD

For evaluation of the field due to a segment, a local cylindrical
coordinate system I,@ defined with origin at the center of the segment and z

axis in the segment direction. This geometry is illustrated In the discussion

of subroutine GF. Subroutine INTX Is called by subroutine BFLD to evaluate

the integral

G k/ exy(-Jkr) d(kz)

where

r - [p' 2 + (z - 21) 2 1/2

and other symbols are defined in the discussion of subroutine GIP.

The numerical integration technique of Romberg integration with variable

interval width to used (refs., 3 and 4). The R.omberg integration formula is

obtained from the trapezoidal formula by an iterative procedure (ref. 1). The

trapezoidal rule for integration of the function f(x) over &A interval (a, b)

using 2 k subintervals is

T Ok & [(b -a)/N]1(l/2) f 0 + f I+ ... + fN-1 + (1/2)f N)

where

N 2

±i f(x i)
X, a + i(b - W)N

These trapezoidal-rule answers are then used in the iterati~ve formula

Tmn- (I~.,ll- Tm~l n) /(4' -1).
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The results T may be arranged in a triangular matrix of the form

T T1
T0,1 T1,0TO T TI.

T0,2 T1.1 T2,0

where the elements in the first column, TOk. represent the trapezoidal rule

results, and the elements in the diagonals, TkO, are the Romberg integration

results for 2k subintervals.

Convergence to increasingly more accurate answers takes place down the

first column and the diagonal, as wall as towards the right along the rows,

The row convergence generally provides a more realistic indication of error

magnitude than two successive trapezoidal-rule or Romberg answers.

This convergence along the row* is used to determine the interval width

in the variable interval-width ecteme. The couplets Integration interval is

first divided into a minimum number of subintervals (presently set to 1) and

T00 , T0 1 , and T10 are computed on the first subinterval. The relative

difference of T01 and T10 is then computed, and If lees than the error

criterion, Rx, T10 is accepted as the Integral over that interval, and into.0

gration proceeds to the next interval, If the difference of T01 and T10 is

too great, T0 2, T11 and T20 are computed. The relative difference of T11 and

T20 is then computed, and if less than Rx, T2 0 is accepted as the Integral

over the subinterval. If the difference of T11 and T2 0 in too great, the sub-

interval in divided in half and the process repeated starting with T O for the

left hand, new subinterval. The subinterval is repeatedly halved until con-

vergence to less than Rx is found. The process is repeated for successive

subintervals until the right-hand side of the integration interval is reached.

When convergence has been obtained with a given subinterval size for a few

times, the routine attempts doubling the subinterval size to maintain the

largest subinterval size that will give the required accuracy. Thus, the

routine will use many points in a rapidly changing region of a function and

fewer points where the function is smoothly varying.

Since the function to be integrated is complex, the convergence of both

real and imaginary parts is tested and both must be less than R x. The same

subinterval sizes are used for real and imaginary parts.
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When the field of a segment is being computed at the segment's own

center, the length r becomes

ra [b 2+ (Z ',)211/2

where b is the wire radius. For small values of b, the real part of the

integrand is sharply peaked and, hence, difficult to integrate numerically.

Hence, the integral is divided into the components

G* kb/2 OXP(-Jkr) -- 1 d(ks)-M/2 kr
Mk/2

G -k C /2 k d(kz)

G G G' + G"

G1 must be computed numerically; however, the integrand is no longer peaked.

G", which contains the sharp peak, can be computed as

To further reduce integration time for the self term, the integral of GI is

computed from -kL/2 to 0, and the result doubled to obtain G'.

SYMBOL DICTIONARY

ABS - external routine (absolute value)

ALOG * external routine (natural log)

B - wire radius, b/X

DZ a subinterval size on which TOO, To1 , ... are computed

DZOT - 0.5 DZ

ELI - -kA/2

EL2 m kL/2

EP - tolerance for ending the integration interval

FNM - real number equivalent of NM

FNS - real number equivalent of NS

Gr - external routine (integrand)

(1I - imaginary part of f

C1R - real part of f 1
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G21 a imaginary part of f2

C2R w real part of f2

031 a imaginary part of f3

G3R a real part of f 3

G41 - imaginary part of f4

GOR = real part of f4

G51 a imaginary part of f5

05R a real part of f5

13 a indication of self term integration when equal to zero

NM a minimum allowed subinterval ize tao kA/NM

NS - present subinterval alo is W/NS

NT a counter to control increasing of subinterval sime

NTS a larger values retard Increasing of subinterval sime

NX m maximum allowed subinterval size is kA/NX
RX a R x

S 0 A/)

SG0 a imaginary part of G

SGR w real part of G
SQRT a external routine (square root)

TEST n external routine (computes relative convergence)
TEll a relative difference of T01 and T10 for Imaginary part

TEIR a relative difference of T0 1 and T10 for real part

TE21 a relative difference of T11 end T2 0 for Imaginary part

TE2R * relative difference of T and T20 for real part

TOON imaginary part TO0

TOOR a real part T00

TOIl a imaginary part TO0

TOR = real part T0 1

T021 a imaginary part TO2

TO2R a real part T02

T10I a imaginary part T 1

TiOR a real part of T10

TllI imaginary part of T 1

TIIR a real part of T 1

T201 a imaginary part of T2 0

T20R - real part of T2 0  2
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Z - integration variable at left-hand side of subinterval

ZE kA/2

ZENI) w kA/2 - EP; EP - tolerance term

ZP = integration variable

CONSTANTS

65536 w 216 w limit of minimum subinterval sLza (MM)

1.E-4 - error criterion, R
X

0
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I SUBROUTINE INtX (CL1,EL2,9,IJSGR,SgI) IN 1

2 C IN 2
3 C INTX PERFORMS NUMERICAL INTEGRATION Or EXP(JKR)/R BY THE METHOD OF IN 3
4 C VARIABLE INTERVAL WIDTH ROMBERG INTEGRATION. THE INTEGRANO VALUE IN 4
5 C ISUPIDBSURUIEOIN 5
5 C ISSPLE YSBOTN FIN 5 i
7 DATA NX,NM,NTS,RX/1,65536.4,1A-4/ IN 7
a ZwELl IN 8
9 ZEvCL2 IN B

10 IF (IJ.CQ.O) ZEwO, IN 1O
11 SmZE-Z IN 11
12 FNMUNM IN 12
13 EPuS/(10.*FNM) IN 13
14 ZENDwZE-EP IN 14
15 SORNO. IN 15
16 SGIwO, IN 16
17 NSwNX IN 17
Is NTwO IN la
19 CALL OF (Z,GIR.G¶I) IN 19
20 1 FNSuNS IN 20
21 DZmS/FNS IN 21
22 ZPwZ+DZ IN 22
23 IF (ZP-ZE) 3,3,2 IN 23
24 2 DZuZE-Z IN 24
25 IF (ABS(DZ)-EP) 17,17,3 IN 25
26 3 DZOTuDZ$,5 IN 26
27 ZPwZ+DZ0T IN 27
28 CALL Or (ZP,03RO31) IN 28
29 ZPwZ+DZ IN 29
30 CALL OF (ZPG$R,OSZ) IN 30
31 4 TOORu(OIR+OSR)ODZOT IN 31
32 TOOI=(OlI+tISI)*DlOT IN 32
33 TOIRm(TOOR+DZ*03R)*0.5 IN 33
34 TOtII(T0OI+0Z*G3I)0.5 IN 34
35 TIORm(4,OSTOIR-TOOR)/3.O IN 35
36 TlOI=(4.O.TOII-TDOI)/3.O IN 36 0
37 C IN 37
30 C TEST CONVERGENCE OF 3 POINT ROMBERG RESULT. IN 38
39 C IN 39
40 CALL TEST (TO¶RTIOR,TC1R,TOIItIO7T.EIZO.) IN 40
41 IF (TEII-RX) 5,5.6 IN 41
42 5 IF (TEIR-RX) 8.8,6 IN 42
43 6 ZPzZ+DZ$0,25 IN 43
44 CALL UF (ZP,02R.021) IN 44
45 ZP=Z+DZ$0,75 IN 45
46 CALL OF (ZP,O.IR,G41) IN 46
47 TO2R=(TOIR+DZOT*(G2R+G4R))*0.5 IN 47
AS T021x(T011I+DZOT0(G2I+G4I))40.5 IN 48
49 TllRu(A.0'T02R-TOIR)/3O0 IN 49
so TllI=(d.0vTO21-Y0II)/3O0 IN 50
51 T20R=(i6,O*TI 1R-riOR)/'l5.O IN 51
52 7201=(16.0T1 11-TIOI)/l5.O IN 52
53 C IN 53
54 C TEST CONVERGENCE Or 5 POITi ROMBERG RESULT, IN 54
55 C IN 55
56 CALL TEST (TtlR,?20R,tC2R,T1IX,7201,TC2I,0.) IN 56
57 IF (TE21-RX) 7.7,14, IN 57
58 7 Ir (Tc2R-RX) 9,9,14 IN 58
59 a SORwSGR+TlOR IN 59
so SGIsSGI.T101 IN 00
61 NTmNT.2 IN 61
52 00 TO 10 IN 62
63 9 SGR=SGR+T20R IN 63
6A SGI.SGI+T201 IN 54
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05 NT=NT+1 IN 65
66 10 Z=Z+DZ IN 66
67 IF (Z-ZEND) 11,17,17 IN 67
"68 11 G1R=G5R IN 68
69 GlI=GSI IN 69
70 IF (NT-NTS) 1.12,12 IN 70
71 12 IF (NS-NX) 1,1,13 1N 71
72 C IN 72
73 C DOUBLE STEP SIZE IN 73
74 C IN 74
75 13 NSwNS/2 IN 75
76 NTul ZN 76
77 GO TO I IN 77
76 14 NTmO IN 78
79 IF (NS-NM) 16,15,15 IN 79
80 15 PRINT 20. 2 IN 80
61 Go TO Z IN 81
82 C IN 62
83 C HALVE STEP SIZE IN 83
84 C IN 64
85 16 NSzNS*2 IN 85
66 FNSuNS IN 86
87 DZwS/rNS IN 87
68 DZOTmDZ*0.5 IN 88
89 GSRwG3P IN 89
90 051=031 IN 90
91 G3RuG2R IN 91
92 G31=G21 IN 92
93 GO TO 4 IN 93
94 17 CONTINUE IN 94
9S Ir (IJ) 19,18,19 IN 95
96 C IN 96
97 C ADD CONTRIBUTION OF NEAR SINGULARITY FOR DIAGONAL TERM IN 97
98 C TN 98
99 16 SGR=2,*(SOR+ALOOI(SORT(B6B÷S*S)+S)/B)) IN 99

100 SGI2.,*SGI IN 100
101 19 CONTINUE IN 101
102 RETURN IN 102
103 C IN 103

10 20 FORMAT (24H STEP SIZE LIMITED AT Z=,FIO,5) IN 104
105 EN IN 105-

-215-



ISEGNO

ISEGNO

PURPOSE
To determine the segment number of the mth sepent ordered by inereasing

segment iambers in the set of segments vith tat numbers equal to the given tag

number. With a given tag of sero, segment number m I returned.

METHOD

Search segments consecutively and check their tag numbers against a given

tag.

SYMBOL DICTIONARY

I - DO loop index

ICNT a counter

ITAGI n input tag number (given tag)

H - input quantity specifying the position in the set of segments

with the given tag

CODE LISTING

FUNCTION ISEGNO (ITAGIMX) Is I
2 C IS 2
3 C ISCONO RETURNS THE SEGMENT NUMBER Or THE MTN SEGMENT HAVING THE IS 3
4 C TAO NUMBER ITAGI. IF ITAGIO SEOMENT NUMBER M IS ItT1USW , IS 4
5 C iS 5
6 CO•MON /OATA/ LD,NI,N2,N,NP,hilM2,MMP,X(300),Y(300),Z(300),SI(300 IS 6
7 1),BI(300),ALP(300),UET(300),ICONI(300).ICON2(300).ITAO(300),ICONX( IS 7
a 2300),WLAMIPSYM iS a
9 IF (MX.GT.O) 00 TO I IS 9

10 PRINT 6 IS 10
11 STOP IS 11
12 1 ICNTtO IS 12
13 IF (ITAGI.NE.0) GO TO 2 IS 13
14 ISEGNOmMX IS 14
15 RETURN iS 15
16 2 IF (NLT.1) GO 10 4 Is Is
17 DO 3 IulN IS 17
Is IF (ITAG(I).NE.ITAGI) O0 TO 3 IS Is
19 ICNToICNT+I Is Is
20 IF (ICNT.EO.MX) GO TO S IS 20
21 3 CONTINUE IS 21
22 4 PRINT 7, ITAGI IS 22
23 STOP IS 23
24 5 ISEGNOvI IS 24
25 RETURN IS 25
26 C IS 26
27 6 FORMAT (4XBIHCHECK DATA, PARAMETER SPECIFYING SEGMENT POSITION IN IS 27
28 1 A GROUP OF EQUAL TAGS MUST NOT BE ZERO) IS 28
29 7 FORMAT (///.1OX.26HNO SEGMENT HAS AN ITAG OF ,15) IS 29
30 END r5 30-
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LFACTR

. PURPOSE

To perform the Gauss-Doolittle factorization calculations on two blocks

of the matrix in core storage. This routine in conjunction with FACIO factors

a matrix that is too large for core storage into an upper and lower triangular

matrix using the Gauss-Doolittle technique. The factored matrix is used by

LUNSCR and LTSOLV to determine the solution of the transposed matrix equation
xTAT -T

METHOD

The basic algorithm used in this routine is presented by Ralston in

ref. 1 on pages 411-416. A brief discussion is also given under FACTR in this

manual. The main difference between LFACTR and FACTR is that LFACTR is set up

to perform the calculations on two blocks of columns of the transposed matrix

that reside in core storage. This situation arises when the matrix is too

large to fit in core at one time; thus, the matrix is divided into blocks of

columns and stored on files, 1his matrix is then factored into a lower

triangular matrix and an upper triangular matrix by the subroutines FACIO and. LFACTR. The function of these two subroutines is closely tied together:

LFACTR performs the mathematical computations involved in the factorization,

while FACIO controls the input and output of matrix blocks in core storage,

and, thus, controls the necessary block ordering input to LFACTR. For

clarification of the orduring of matrix blocks during factoritation, refer to

FACIO.

The computations performed in LFACTR are slightly different for three

matrix block conditions: (1) block numbers 1 and 2, (2) adjas.ent matrix

blocks, and (3) non-adjacent matrix blocks. If the blocks are numbers I and

2, both blocks are factored, and the computations proceed exactly as in

FACTR. The only difference between LFACTR and FACTR here is that the two

blocks do not form a square matrix, and the row and column indices in LFACTR

have not been interchanged as in FACTR. At the end of this stage, both blocks

1 a•d 2 are completely factored. For case 2, where the blocks are adjacent

in the matrix end other than 1 and 2, the first block is assumed factored and

is used to complete the factorization of the partially factored second block.

The computations start with the first column of the second block and proceed

as in FACTR (with the exceptions noted above). If the blocks are not

adjAcent (case 3), the first block is assumed factored and is used to partially
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factor the second block, Computations start with the first column of the

second block. Factorization cannot be completed, since values from the

intervening columns are necessary.

CODING

LF20 - L739 Initialization of loop parameters for the various matrix

block conditions.

LF40 - LF99 Loop over columns to be factored or partially factored,

LF44 - LP46 Write column of A In scratch vector D.

LF49 - LY62 Computations for u 1r (see FACTi), where positioning for

size is taken into account. The range of I is determined

by the matrix blocks used.

LY69 - LF71 For case 3, the partially factored column is stored in A,

and a jump to LFIO0 is made.

LP73 - LY17 For cases 1 and 2, the maximum value In the column is found

for positioning.

LF92 - LF94 For cases 1 and 2, Z r (see FACTR) Is calculated; limits on

I are dependent on blocks.

SYMBOL DICTIONARY

A w array which contains the two blocks of columns of the transposed

matrix in some state of factorization

CONJG - external routine (conjugate of complex numbers)

D a scratch vector, temporary storage of one column

DMAX - maximum value in column

ELMAG a intermediate variable

I w DO loop index

IFLG - small pivot value flag

Ir - array containing positioning information

IXJ a index

IXM - first block number, input

IX2 - second block number, input

3 - DO loop index

JPl - J + 1

J1I m DO loop limitsJ2
J2P1 - J2 + 1
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J2P2 - J2 + 2

K - DO loop index
L1

L2 - logical variables for testing

NCOL a number of columns

NROW a number of rows

PJ1  intermediate variables
PR

R, a DO loop index

REAL = external routine (real part of a complex number)

R11 a DO loop limits, relative column number limits for

R2 calculations

In programs using double precision accumulation in the matrix solution)

the following double precision variables are used in LFACTR.

DARI

DAI1 = real and imaginary parts of a number for temporary storage
DAR 2

DAI2J

DR[ w real and imaginary vectors replacing the complex vector D in

DIJ single precision programs

CONSTANT

I.E-I1 - small value test
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I SUBROUTINE LFACTR (ANROW.ZXi.ZX2,?P) LF I
20 I F 2
3 C LFACTR PERFORMS GAUSS-DOOLITTLE MANIPULATIONS ON THE TM) BLOCKS OF tLr 3
A C THE TRANSPOSED MATRIX IN CORE STORAGE, THE OAIJSS-DOOLZTTLE Lr 4

6 C COURSE IN NUMERICAL ANALYSIS. COMMENTS IELO REFER TO COMMENTS IN LF 6

7 C RALITONS TEXT. 17 7

I COMPLEX A,0,AJR LF 9
10 INTEGER R,RtI,R2,PJ.0R LF 10
11 LOGICAL LiL2,L3 I!* it
12 COMMON AdATPAR/ ICASE,NILOKS,NPSLK,NLAST.NILSYM,NPSYbINLýSYMThiAT.1 LO7 12
I3 ICASX,NUIX ,NPIE ,NLBX NBBL ,NPIL,NLIL 1.7 13
14 COMMON /SCRATM/ 0(000) 1.7 14
15 DIMENSION A(NROW.1), ZP(NRQW) LF 15
Is IrL~mO 1.7 IS
170 1.7 17
is C INITIALIZE RI,R2,J1,J2 1.7 18
to C 1.7 It
20 LiImX1.10.1.ANO.1X2.0.2 LF 20
21 L2c(IX2-1).EQ.IXI LF 21
22 I3*ZX2,EONULSYM 17 22
23 IF (LI) 0O TO I 1.7 23
24 00CT02 LF 24
25 1 Rini 1.7 25
26 R2u26NPSYM 17 26
27 jiml IF 27
28 J2m-l 17 26
29 TOCT5 1.7 29
30 2 Rlt4PSYM+l 1.7 30
31 R2w2*HPSYM 17 3V
32 Jlw(lXI-I)*NPSYM+I LF 32
33 If (L2) 00 70 3 LF 33
34 00CT04 17 34
35 3 J2uJl+NPSYk4-2 1.7 35 S
36 0070O5 1.7 36
37 4 J2mJ1+NPSYM-1 17 37
35 5 Ir (L3) R2nNPSYM+NLSYM 1.7 36
39 DO 16 RwRIR2 1.7 39
400 1.7 40
41 C STEP i L7 41
42 C 17 42
43 DO 6 KUJINRDW LF 43
44 D(K)*A(K,R) 17 44
45 6 CONTINUE 17 45
46 C 17 46
47 C STEPS 2 AND 3 IF 47
Ad C 17 46
49 IF (LIOR.L2) J2uJ2+1 LF 0P
so IF (JI.GT.J2) 0O TO 9 1.7 50
51 IXJNO 1.7 5I
52 00 8 JuJI.J2 17 52
53 IXJaWZXJ4I L7 53
54 PJr-lp(j) 17 54
55 AJR=D(PJ) 17 55
56 A(J.R)aAJR 17 56
57 D(PJ)aD(J) 17 57
Be JPINJ+¶ IF 55
so DO 7 ImJPiNROW 17 SO
60 D(I)sD(I)-A(I.IXJ)AJR 17 60
61 7 CONTINUE IF 61
62 8 CONTINUE IF 521
63 9 CONTINUE 17 63
64 C IF 64
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65 C STEP 4 LF 65
S.C IF SB

67 J2PixJ2+1 LF 67
H5 IF LI.OR.L2) 0O TO 11 LF 68
So If NRON.LT.J2PI) 00 TO 1S LU so
70 D0 10 IuJ2PlNROW LU 70
71 A(Z,R)m0(I) Lr 7i
72 10 CONTINUE 1.7 72
73 Go0TO I Lr 73
74 il 0MAXuREAL(0(J2P1)6CONJ0(D(J2P1))) LF 74
75 IP(J2Pi)uJ2PI Lr 71
76 J2P2nJ2+2 Lr 76
77 I7 (J2P2.oT.NROI) 00 TO 13 1.7 77
7o 00 12 IwJ2P2,NRW 1.7 78
79 tLMAOURtAL(D(I)*COt4J0(D(I))) 1.7 79
go If (tLMAG.LT.OMAX) 00 TO 12 1.7 10
SI DMAXuELMAO G 117S
42 IP(J2Pi)nZ LF 12
63 12 CONTINUE Lr 83
84 13 CONTINUE 1.7 34
as IF (0IiAX.LT.1E1-10) 171.0.1 LF 95
as PR*ZP(J2PI) 1.7 56
87 A( j2PIR)NO(PR) LF 57

$a O(PR)uD(J2PI) LF 68
atIC LU of
go C STEP 5 LF 10
91 C LF 91
92 IF (J2P2.GT.NROW) 00 TO 15 LF 92
63 AJR.1./A(J2Pl,R) LI' 93
94 00 14 =wJ2P2,NROW LF 94
61 A(I.R)uD(X)OAJR 1.7 65
16 11 CONTINUE LF 66
67 1s CONTINUE LF 97S96 IF (lFLO.EQO) 00 TO 16 1876
go PRINT 17, J2,DMAX LF 69

100 rFL~w0 LF 100
101 I6 CON7INUE LF 101
102 RETURN LU 102
103 C Lr 103
104 17 FORWAT (IH GHNPIVOT(.13.2H)w.116.8) LF 104
105 END LF 105-
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PURPOSE

To compute the impedances at a given frequency for the loading specified

by LD cards.

MSTHOD

The value of XZ/Aj where Z in the total Impedance on a sepent and A is

the length of the segment, is computed for each loaded segment and stored in

the array ZAWY. The proper impedance formula ts chosen by the value of the

input quantity LDTYP. Theme computations are performed from the sequence

L074 to L096 of the program, and the formulas are:

LDTYP a 0 (series R, L, and C)s

Z - R + JwL +1 jWC

i27c(~)+j2fc (A2(C)

where c is the speed of light and R, L, and C are input.

LDTYP * 1 (parallel R, L, and C; R, L, and C input):

1
z a Q) + + j2rc (A)2 2

LDTYP - 2 and 3 (same an above, but R/6, L/b, C/A are input)

LDTYP a 4 (resistance and reactance input):

Z, - resistance + I reactance

LDTYP - 5 (call another subroutine for wire conductivity calculation)
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SYMBOL DICTIONARY

ABS - external routine (absolute value of ,i real number)

AIMAC - external routine (imaginary part of a complex number)

CMl'1,X , exivroMl routlint (forins , v'omplex number)

MHIlK - check I ag in diagnoslng data errors

ISTEP * loading card subscript

IWARN - flag checking for multiply loaded segents

JUMP -LDTYP + 1

LDTAG a tag number, input quantity

LDTAGF a input quantity

LDTAGS a LDTAG(ISTEP)

LDTAGT a input quantity

LDTYP w input quantity specifying loading type

NLOAD w number of input loading data cards

PRNT v. external routine (prints the impedance data in a table)

REAL m external routine (takes the real part of a complex number)

TPCJ a j2rrc, where c is the speed of light

7.ARRAY - arraiy contnining XZ/J for each segment, dimensioned to the

maximum number of segments

ZINT w external routine (calculates the internal impedance of a finitely

condu,;ting wire)

ZLC w input quantities, the definitions are a function of the type of

ZLI loading specified. ror the case of series RLC (LDTYP w 0):

ZLR ZIC a capaclt.nce (farads), ZLI a inductance (henrys), and

,L, w rcsisLanoe (ohms). For the remaining cases, see Part III.

ZT =", '' - ;,Z/j' fur une segrient; however, variable name is used

during the calculation of this quantity

CONSTANTS

I.L-20 - fluating point zero test

(0., 1.88365371E+9) - j2rc, where c is the velocity of light
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I SUBROUTINE LOAD (LDTYP.LDTAOLDTAOFL0TAOT,2LIR,ZLZZLC) L0 1
2 C 10 2
3 C LOAD CALCULATES THE IMPEDANCE OF SPECIFIED SEGMENT$ FOR VARIOUS L0 3
4 C TYPES OF LOADING L0 4
5 C L0 5
4 COMPLEX ZARRAYSZT,TPCJ,ZINT LO 6
7 COMMON /DATA/ LO.NiN2,N,NPMtM2,MmpX(300),Y(300),Z(300),1I(300 LO 7
a ¶)I2l(300),ALP(300).SET(300),1C0N1(300),IcON2(300),IIAG(00o),zCONX( 10 I
I 2300) IWLAMUIPSYM 10 9
10 COMMON /ZLGAO/ ZARRAY(300).NLOAD,NLODF LO 10
II DIMENSION LDTYP(l), LDTAG(I), LOTAOF(i), LDTAOT(l), ZLR(I). ZLZIl) 10 I1
12 1, ZLC(I), 1PCJX(2) 10 12
13 EQUIVALENCE (TPCJTPCJX) L0 It
14 DATA TPCJX/O..I.63l63S155E4/ 10 14
is C L0 15
1$ C PRINT HEADING L0 If
17 C LO 17
Is PRINT 25 10 Is
19 C 10 If
20 C INITIALIZE D ARRAY, USED FOR TEMPORARY STORAGE OF LOADING LO 20
21 C INFORMATION, L0 21
22 C LO 22
23 DO~ 1 ZuN2,N L0 23
24 1 ZARRAY(I).(0.,O.) 10 24
25 IWARNuD 10 25
26 C LO 26
27 C CYCLE OVER LOADINO CARDS 10 27
28 C L0 28
29 ISTEPuO 10 23
30 2 ISTEPwISTEP41 10 30
31 IF (ISTEP.LC.NLOAD) 0O TO 5 10 31
32 IF (IWARN.EO.i) PRINT 26 10 32
33 I! (NI*24MI.070) 00 TO 4 10 33
34 NOPUN/NP 10 34
35 IF (NOPEOl) GO TO 4 10 35
36 DO 3 1x.1 NP 10 36
37 ZT&ZARRAY(I) 10 37

38. 10m LO I3
32 DO 3 12*2 ,NOP L0 39
40 L1ELI4NP 10 40
41 3 ZARRAY(LI)mZT LO 41
42 4 RETURN L0 42
43 5 IF (LDIYP(ZSTEP).LE.5) GO TO 6 LO 43
44 PRINT 271 LDTYP(ISTEP) LO 44
45 STOP 10 45
46 6 LDTAOSELDTAG(ISTCP) 10 46
47 JUWPwLDYYP(ISTEP)+l 10 47
45 ICi4~.O 10 48
49 C 10 43
50 C SEARCH SEGMENTS FOR PROPER ITAOS 10 s0
31 C 10 51
52 LimN2 10 52
53 L2.N 10 53
54 IF (LDTAOS.NE.0) GO TO 7 10 54
55 IF (LDTAGF(ISTEP),EQOANDLDTAGT(ISTEP).EQ.0) GO TO 7 10 55
Be LiOLDTAGF(ISTEP) 10 56
57 L2ELDTAOT(ISTEP) L0 57
so IF (LI.OT.Nl) 00 TO 7 10 5B
59 PRINT 23 10 59
60 STOP LO SO
81 7 DO 17 1u11,L2 LO 61
62 IF (LDTAOSEQ.O) GO TO 8 10 52
63 IF (LDTAGS.NEITAG(I') 00 TO 17 L0 63
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54 TF (LDYAGF(ISTEP).EOO0) 00 TO 8 L0 64
.35 ICHKwICHX+1 L0 65
66 IF (ICHK.GE.LDTAGF(ISTEPL.AND.ZCHIK.LE.LDTAGT(ISTEP)) GO TO 9 L0 66
67 00 TO 17 LO 87
4a 1 ICHKuI L0 66

70 C CALCULATION Or LAMDA$ZMPID. PER UNIT LENGTH, JUMP TO APPROPRIAYE LO 70
71 C SECTION FOR LOADING TYPE LO 71
72 C LO072
73 9 00 TO (10,111,112,113,114,15), JUMP L0 73
74 10 ZTmZLR(ISTCP)/SI(Z)+TPCJOZLI(ISTEP)/(SI(I)SWLAM) L0 74
75 IF (AIS(ZLC(ISTEP)).GTt.Et-20) ZTuZT+WLAM/(TPCJ*SI(I)*ZLC(ISICP)) LO 75
76 00 TO Is LO 78
77 11 ZTETPCJ*SI(I)$ZLC(ISIEP)/WLAM LO 77
78 If (A8S(ZLz(ISTfP)).GT¶.c.-20) ZTSZV*SI(I)SWLAM/(TPCJ.ZLI(IYtEP)) LO 78
79 IF (A1S(ZLR(ISTEP)).OT.1.E-20) ZTmZT+S1(1)/ZLR(ISTEP) LO 70
so ZTmi,/ZT LO 80
81 00 TO 16 LO 81
12 12 ZTUZLR(ISTEP)SWLAM4'1PCJ@ZLI(ISTCP) LO 82
a3 IF (A9S(ZLC(I5TEP)).or1.I.-2O) ZTuZT+I./(TPCJ.SI(I)'sI(I)eZLC(ISTc LO 83
84 IP)LO 84
a5 00 TO i6 L0 85
86 13 ZTmTPCJ*5I(I)*S1(I)6ZLC(ZSTCP) L0 86
87 IF (AIS(ZLZ(ZST[P)).GT.¶C-20) ZTa2T+I./(YPCJGZLI(ZSTEP)) L0 87
as IF (AIS(ZLR(ISTEP))o.GT.c-Ezo) ZTmZT+i./(ZLR(ISTEP)fWLAM) L0 68
s9 ZTal ./ZT LO 89
90 00 TO 16 LO 90
91 14 zTUaCMPLX(ZLR(ISTCP),ZLZ(1STEP))/$Z(Z) LC 91
92 00 70 16 LO 92
93 15 ZTaZZNT(ZLR(ISTEP)$WLAM.II(1)) L0 93
94 16 IF ((AIS(REAL(ZARRAY(l)))+ABS(AIMAO(ZARRAY(I)))).OT1.cý-20) IWARNu L0 94
95 11 L0 05
96 ZARRAY(Z)mZARRAY(I)+Z7 L0 96
07 17 CONTINUE LO 97
98 IF (ICHK.NC .0) 00 TO 18 LO 98
g9 PRINT 28, LDTAOS LO 99
100 STOP L0 100
101 C 10 101
1112 C PRINTING THE SEGMENT LOADING DATA, JUMP TO PROPER PRINT LO 102
103 C 10 103
IDA 18 00 TO (19.20.21 .22,23,24). JUMP 10 ICA
105 19 CALL PRNT (L0TAIGS.LDTAGF(3STEP),LDYAOT(ISTEP),ZLR(ISTtP),ZLI(ISTEP LO 105
106 I),ZLC(ISTEP).,00.,07H SCRIES.7) LO 106

00- G TO 2 LO 107
108 20 CALL PRNT (LDTAGS,LDTAGr(ISTCP),LDTAGT(ISTCP),ZLR(ZSTEP),ZLZ(ZSTEP 10 108
109 1) ,ZLC(Z!,TEP),0..0,.0. ,8HPARALLEL.8) 10 109
Ito 00 TO 2 LO) 110
111 21 CALL PRNT (LDTACS.LDTAOF(XSTEP),LDTAOT(ISTEP),ZLR(ISTEP),ZLZ(ISTEP LO III
112 1),2-LC(2STCP),0,,0.,0,.,lHSERZ~t (PER METER),I) LO10112
113 00 TO 2 L0 113
114 ý2 CALL PRNT (LDTAGSLDTAOF(ISTEP),LDTAOT(ISTEP),ZLP(?STEP),ZLZ(ISTCP 10 114
115 1),ZL.C(ISTCP),0,,O,0..2OHPARALLCL (PER METER),20) 10 115
ill 00 TO 2 10 1t5

117 23 CALL PRNT (LDTAGS,1DTAOF(ISTEP),LDTAOT(ISTEP),.0.,0,o.ZLR(ZSTEP), 10 117
118 lZLI(ZSTEP),O.,15HFZXE0 IMPEDANCE,15) LO10118
.9 00 TO 2 to 119
';J 24 CALL PRINT (LDTAOS.LDTAGF(ISTCP).LDTAOT(ISTCP),0.,0.,0.,O,,0,,ZLR(I 10 120
121 1STEP),Sw WIRE.$) 10 121
122 00 TO 2 10 122
1.13 C 10 123
1:4 25 FORMAT (//,7X,8NLOCATI0N,10X,IOHPESSTANCC,3X,1OHZN0UCTANCE,2X,IIH 10 124
i2ý iCAPACITANCE,7X,1SHZMPEDANCE (OHMS),SXSi2HCONOUCTIVITY,4X,4HTYPE,/, L0 125
1:6 24X,4HITA0,tCH PRODI THRU,1OX,4H0MMAS,8X,RNHEHRYS.7X,6HFAftAD3,IX,4HRE 10 126

24 3AL,6X,9N4AOAGNARY,4x,tONH05,SMETER) LO 127
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121 26 rORMTA (/,¶OX,74HNOTE, SOME OF THE ABOVE SEGMENTS HAVE BEEN LOADED LO 128
129 1 TWICE - IMPEDANCES ADDED) LO 129
30 27 FORMAT (/,IOX,46HMPROPER LOAD TYPE CHOOSEN, REQUESTED TYPE IS .13 LO 130

131 1) LO 131
132 28 FORMAT (/,IOXSOHLOADZNG DATA CARD ERROR, NO SEGMENT HAS AN ZTAO a LO 132
133 1 415) LO 133
134 29 FORMAT (63H ERROR - LOADING MAY NOT NE ADDED TO SEGMENTS ZN NGF, LO 134
135 1 SECTION) LO 135
136 END LO 136-

-2
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LTSOLV

LTSJLV

PiURPO•E

To solve the matrix equation XRLU a B where R denotes a row vector

and L and U are the lower and upper triangular mat'ices stored as blocks on

films.

METHOD

The L and U triangular matrices ate written in a square array, where the

I's on the diagonal of the L matrix are suppressed. The array is stored by

blocks of columns in ascending order on file IFLI and descending order on file

IFL2. The solution procedure is as follows. First solve the equation

YRU.B" (B)

then

XRL yR (2)

* since XRLU • BR. The solutions of equations (L) and (2) are

straightforward, since both matrices are triangular. In particular for

equation (1),

/ j-1
R I FR V Ryj 0-- b - iy ui nu j j m

and similarly for equation (2).

Several rignt-hand side vectors may be stored in the two dimensional

array 6. The forward and backward substitution~is then done on each vector in

the loops from LT 23 to LT 34 and LT 43 to LT 56. This can be much faster

Lt;an calling LTSOLV for gacli vector since the files IFLI and IFL2 are read

'.n1% once. This feature is used in computing A-IB for the NGF solution. It

Ls n)t used wits the multiple excitations for a receiving pattern or to

compute the driving point interaction matrix in NETWK but could reduce the

* uit-of-cure solution time in Lhese cases.
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Row interchanges were used to position elements for size in factoring

the transposed structure matrix; therefore, the elements in the solution

vector Xa Ire not in the original locations. Us ing the IX array (filled by

LUNSCR), the vector can be put back into the original orders The integer

contained in IX(J) is the index of the original location of the parameter now

in the jth location. The solution vector is overwritten on the input

right-hand side vector BR.

SYMBOL DICTIONARY

A a array for matrix blocks

B " K, right-hand side and solution

12 - number of words in a block

IFL1 - file with blocks in normal order

IFL2 " file with blocks in reversed order

IX a solution unscramble vector

IXBLK1 w block number

3 a row index

JST a initial value for J

K2 a number of columns in a block

KP - column index

NEQ w total number of equations

NRH a number of right-hand side vectors in B

NROW a row dimension of A (number of equations in a symmetric section)

SUM a summation result
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LTSOLV

I SUBROUTINE LTSOLV (A,NROW,IX,B,NEQNRH.IrLl,IrL2) LT 1

2 C Ll 2
3 C LTSOLV SOLVES THE MATRIX EQ, Y(R)*LU(T)=B(R) WHERE (R) DENOTES ROW LT 3
4 C VECTOR AND LU(T) DENOTES THE LU DECOMPOSITION OF THE TRANSPOSE Of LT 4
5 C THE ORIGINAL COEFFICIENT MATRIX, THE LU(T) DECOMPOSITION IS LT 5
6 C STORED ON TAPE 5 IN BLOCKS IN ASCENDING ORDER AND ON FILE 3 IN LT 6
7 C BLOCKS Or DESCENDING ORDER, LT 7
a C LT 8
9 COMPLEX AB,Y,SUM LT 9

10 COMMON /MATPAR/ ICASENBLOKS,NPBLK,NLAST,NBLSYMNPSYMNLSYMIMAT,I LT 10
11 ICASX,NBBX,NPBX,NLBX,NBBLNPBL,NLBL LT 11
12 COMMON /SCRATM/ Y(OO) LT 12
13 DIMENSION A(NROWNROW), B(NEO,NRH), IX(NEO) LT 13
14 C LT 14
15 C FORWARD SUBSTITUTION LT 15
16 C LT 16
17 12w2*NPSYM*NROW LT 17
18 00 4 IXBLKI*INBLSYM LT 18
19 CALL BLCKIN (A,lFLi,l,12,1,121) LT 19
2Q K2=NPSYM LT 20
21 IF (IXBLKI.EQ.NBLSYM) K2xNLSYM LT 21
22 JST(IXBiL.KI-1)4NPSYM LT 22
23 DO 4 IC=INRH LT 23
24 J=JST LT 24
25 DO 3 KuI,K2 LT 25
26 JMIWJ LT 26
27 JmJ+l LT 27
28 SU4=(O.,O.) LT 25
29 IF (JM!.LT.1) GO TO 2 LT 29
30 DO I Iz:,JM1 LT 30
31 1 SUMWSUMe.A(I.K)'B(rIC) LT 31
32 2 B(J,IC)=(1(4,IC)-SUM)/A(.,K) LT 32
33 3 CONTINUE LT 33
34 4 CONTINUE LT 34
35 C LT 35
36 C BACKWARD SUBSTITUTION LT 36
37 C LT 37
36 JST|NROW+t LT 38
39 DO 8 IXBLKIui,NBLSYM LT 39
40 CALL *LCKIN (A,!rL2,1,I2,¶,122) LT 40
41 K2=NPSYM LT 41

42 IF (IXBLKI.EQ.I) K2=NLSYM LT 42
43 DO 7 IC=INRH LT 43
44 KP=K2+1 LT 44
45 J=JST LT 45
46 DO 6 K=1,K2 LT 46
47 KP=KP-1 LT 47

48 JPI=J LT 45

49 J=J- LT 49
50 SUM=(O.,O.) LT 50
51 IF (NROW.LT.JPi) GO TO 6 LT 51
52 DO 5 I=JPI,NROW LT 52
53 5 SUM=SUM+A(I,KP)48(I.IC) LT 53
54 e(JIC)uB(J,IC)-SUM LT 54
55 6 CONTINUE LT 55
56 7 CONTINUE LT 56
57 8 J5T=JST-K2 LT 57

58 C LT 58

s9 C UNSCRAMBLE SOLUTION IT 59
60 C LT 60
61 DO 10 IC=INRH LT 61

62 DO 9 IftiNROW LT 62

63 1XI=1x(I) LT 63
64 9 Y(IXI~zs(I,IC) LT 64
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1.TSOLV

65 D0 10 Z.1 ,NROW LT666 10 B(I.IC)=r(Z)LT6
67 RETURN LT 66
66 END LY 65-
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.U OSCR

PUiRPOSI,
rn uns6rmble the lower trIarigular matrix of the factored out-or-coru

matrix and to determine the appropriate ordering of the unknuwns. Th,

unscrambled factored matrix is written in blocks on tile IU3 in ascending order

and on file IU4 in descending order.

METHOD

During factorization by LFACTR, the elements in the lower triangular

matrix L were not explicitly arranged in accordance with the row interchanges

used in positioning for size during the calculations. Specifically, as the

factorization proceeds by columns from left to right in the matrix, row

rearrangements in the rth column are not explicitly performed in the left

r - 1 columns; rather, positioning information is stored in the IP array.

For the in-core calculations, these rearrangements are included during the

final solution (subroutine SOLVE). For the out-of-core case, rearrangement

during the solution (subroutine LTSOLV) is inconvenient, since the transposed

system xrAt a Br is being solved, where r signifies a row vector,

The procedure for unscrambling the L matrix is as follows. pk is the

positioning information contained in IP(K). Then for the rth column, let t

be a temporary variable:

t Z k,r

Soverwrites .'

t overwrites Z. for k - r + 1, ... , n - 1

Pk,r

Since row interchanges were used on the transposed matrix, the positions

of the unknovns in the equations h&ve changed. The final arrangement is

determined by performing interchanges on a vector of Integers, Specifically,

let

in

then set

t k
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LUNSCR

x Pk overwrites xk

t overwrites xPk for k w 1, ... , n

The integer now contained in xi specifies the original placement of tho,

ith unknown,

SYMBOL DICTIONARY

A * array for matrix blocks

1I * first word of matrix block

12 * last word of matrix block

IP * array of pivot index data

1U2 - input file

IU3 - output file, blocks in normal order

IU4 • output file, blocks in reversed order

IX - array x.

IXBLK1 a block number

KA a increment to locate the KKth submatrix in case of symmetry
NOP n number of symmetric sections

NROW a row dimension of A

0
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LUNSCR
i SUBROUTINE LUNSCR (A,NROW,NOP,IX.IP,IU2,1US.4U4) LU 1

2 C LU 2
.3 C S/ft WHIZCH UNSCRAMBLES, SCRAMBLED FACTORED MATRIX LU 3
4 C LU 4
5 COMPLEX ATEMP LU 5
a COMMON /hIATPAR/ ICASE,NILOKS,NPILKNLAST,NILSYM,NPSYMNLSYM.IMAT,I LU 6
7 ICASX,NBIX,NPBX,NLBE,NUBLNPULNLBL LU 7
a DIMENSION A(NROW.1). IP(NROW). IX(NROW) LU I
I Val1 LU 9

10 X2a2*NPSYM$NROW LU 10
11 NMllwNROW-1 LU 11
12 RECWIND 1U2 LU 12
13 REWIND 1U3 LU 13
14 REWIND IU4 LU 14
15 D0 9 KKwtNOP LU 15
is KAx(XK-l)*NRCW LU 16
17 DO 4 IXBLKI=.lNILSYM LU 17
18 CALL SLCKIN (A.1U2,11,12.1.121) LU 18
to Kim(IX9LKI-1 )*NPSYW+2 LU 19
20 IF (NMI.LT.91) 00 TO 3 LU 20
21 J2*0 LU 21
22 00 2 K=KI 1NMi LU 22
23 IF (42.LT.NPSYM) J2xJ24.1 LU 23
24 IPK.IP(K4.KA) LU 24
25 DO I JciJ2 LU 25
28 TEMPBA(K,J) LU 26
27 A(K.J)NA(IPK,J) LU 27
23 A(IPK, j)uTEMP LU 26
20 1 CONTINUE LU 29
30 2 CONTINUE LU SO
31 3 CONTINUE LU 31
32 CALL 9LCKOT (A,IUS,11,12.1,122) LU 32
3.3 4 CONTINUE LU 33
34 D0 5 IXlLKlmI,NILSYM LU 34
35 BACKSPACE ZU3 LU 35
38 IF (IXBLKl.NE1,) BACKSPACE IU3 LU 36
37 CALL BLCKIN (A.IU3,1t,121,1123) LU 37
38 CALL BLCKOT (A.1U4.II,12.1,114) LU 38
39 5 CONTINUE LU 39
40 DO06 lul,NROW LU 40
41 IX(I+KA)aI LU 41
42 6 CONTINUE LU 42
43 DO 7 1=1 ,NROVN' LU 43
44 IPI=IP(I+KA) LU 44
45 IXT.IX(I+KA) LU 45
46 Ix(I+KA)&IX(IPI.KA) LU 46
47 IX(IPI+KA)=IXT LU 47
48 7 CONTINUE LU 48
49 IF (NOPEO1) GO TO 9 LU 49
50 NBI=NSLSYM-l LU S0
51 C SKIP N81 LOGICAL RECORDS FORWARD LU 51
52 DO 8 IXBLKalulNBI LU 52
53 CALL BLCXN (A,1U3,I1,12,,125) LU 53
54 a CONTINUE LU 54
55 9 CONTINUE LU 55
56 REWIND IU2 LU 56
67 REWIND IL'S LU 57
58 REWIND 1U4 LU 55
59 RETURN LU 59
60 END LU 110-
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MOVE

MOVE

PURPOSE i

To rotate and translate a previously defined structure, either moving

original segments and patches or leaving the original fixed and producing new

segments and patches.

METHOD

The formal parameters ROX, ROY, ROZ are the angles of rotation about

the x, y, and z axes, respectively, and XS, YS, ZS are the translation dis-

tance* in the x, y, and z directions. Angles are in radians, and a positive

angle represents a right-hand rotation. The structure is first rotated about

the x axis by ROX, then about the y axis by ROY, then about the a axis by ROZ,

and finally translated by XS, YS, ZS. These operations transform a point with

coordinates x, y, a to x', y , 1', where

21 22 T23) y + y

T1 T 32  T 3

where

T * cos cose

T12 W cos * sin e sin ' - sin 0 cos

TI3 * cos sin e cos ' + sin 0 sin

T21 a sin cos 6

T22 " sin s sin e sin ' + cos * cos

T23 = sin • sin 8 cos o - cos * sin

T31 - - sin e

T32 a cos 8 sin

T33 ' coso cos

with
'P w ROX

0 - ROY

S- ROZ

X N XSs
Y - YS

S

Z - ZS
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This transformation is applied to those wire segments from segment

number i to the last defined segment in COMMON/DATA/. Thus, if i is greater

than 1, the segments from 1 to 1 - 1 are unaffected. All patches are

transformed.

NRPT is the structure repetition factor. If NRPT is zero, the trans-

formed segment and patch coordinates overwrite the original coordinates so that

the structure is moved with nothing left in the original location. If NRPT

is greater than zero, the transformed coordinates are written on the ends of

the arrays in COMMON/DATA/ and the process repeated NRPT times so that NRPT

new structures are formed, each shifted from the previous one by the specified

transformation, while the original structure is unchanged.

CODING

mOle Adjust symmetry flag if structure is rotated about the x or

y axis, If the ground plane flag is also set on the GE

card, symmetry will not be used in the solution.

M019 - M033 Compute transformation matrix,

M037 - M061 Transform segment coordinates.

M063 - M093 Transform patch coordinates.

M094 - M097 Set parameters to no-symmetry condition if NRPT > 0 or

IX > 1.

SYMBOL DICTIONARY

ABS - external routine (absolute value)

COS - external routine (cosine)

CPH W Cos 0

CPS = cos T

CTH - cos e

IR - DO loop index, array index for original patch

ISEGNO a external routine (searches segment ta& numbers)

ITGI w increment applied to segment tag numbiars as segments are

transformed

ITS - i is the first occurring segment in COMMON/DATA/ with tag ITS

Ix W i S

TI w lower DO loop limit for I (initially Il - ± )

increment ti c,-grcnt number for transformed segment

"" array index f,," new patch
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LDI - LD+I

NRP w upper DO loop limit for IR

NRPT m repetition factor

KOX w Y (radians)

ROY 0 '
Roz - €

SIN a external routine (sine)

5PH a sin

SPS w min'T

STH - sin 6

TIX

T1Y - arrays containing components of t for patches

TiZ
T2X

T2Y w arrays containing components of t 2 for patches
T2Z

X1 a old x coordinateXS

XX *T11

XY =T 1 2

XZ "T 1 3

X2(1) * x coordinate of and 2 of segment I

YI = old y coordinate
YS =Ys

YX T 21

YY •T 22

YZ T2 3

Y2(I) - y coordinate of end 2 of segment I

ZI = old Z coordinate

Zs

ZX T31

2' • T32

zz T33

Z2(1) Z .coordinate of end 2 of segment I
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MOVE

¶ SUBROUTINE MOVE (ROX,ROY',ROZ,XSYS,ZS.ITS,NRPYTTGI) MO I
2CMO 2

3 C SUBROUTINE MOVE MOVES THE STRUCTURE WITH RESPECT TO ITS MO 3
4 C COORDINATE SYSTEM OR REPRODUCES STRUCTURE IN NEW POSITIONS. MO 4
5 C STRUCTURE IS ROTATED ABOUT X,Y,Z AXES mY ROXROY,ROZ MO 5
4 C RESPECTIVELY, THEN SHIFTED BY XS,YS,ZS MOI 6

7 cMO 7
a COMMON /DATA/ LD,NI,N2,N.NPMI.M2,MMP,X(3OO),Y(300),Z(SOO),SI(300 MO 8
9 1),SI(300),ALP(300),SET(300),ICONI(300),ZCON2(300),ZTAO(300).ICONX( MO 9

10 2300),WLAM,IPSYM MO 10
li COMMON /ANOL/ SALP(300) MOI 11
12 DIMENSION TIX(l), TIy(l), TIZ(1), T2X(l), T2Y(1), T2Z(1)o X2(1), Y MO 12
13 12(1), Z2(1) MO 13
14 EQUIVALENCE (X2(1),SI(¶)), (Y2(¶).ALP(l)), (Z2(l),UE[T(l)) MO 14
15 EQUIVALENCE (TIX.SZ). (TIYIALP). (TIZUET), (T2XICONI). (T2Y.ZCON MO IS
16 12), (T22,ITAO) MO Is
17 IF (AIS(ROX)+AIS(ROY).OT.1.E-1O) IPSYMmIFSYM*3 MO 17
le SPSOSIN(ROX) MO Is
19 CPSvtCOS(ROX) MO 19
20 STHwSIN(ROY) MO 20
21 CTHmCOS(ROY) MO 21
22 SPHwSIN(ROZ) MO 22
23 CPHECOS(ROZ) MO 23
24 KXuCPH*CTH MO 24
25 XYmCPH*STH6SPS-SFHfCPS MO 25
26 XZmCPHOSTHOCPS4.SPH*SPS MO 28
27 YXwSPH*CTH MO 27
26 YYmSPH0STH*SPS4.CPH*CPS MO 28
29 YZeSPH$STH$CPS-CPH$SPS MO 29
30 ZXx-STH MO 30
31 ZYwCTH*SPS MO 31
32 Z~wCTH*CPS MO 32

33 NRPwNRPT WO 3304 IF (NPPT.EQ.O) NRPO1 MO 34
3S IF (N.LT.N2) 00 TO 3 MAO 35

36 %lwISE0NO(I7S,l) MO 36
37 IF (li. LT.N2) I¶'mN2 MO 37
38 IX~i MO 38
39 KaN1 MO 39
40 (NRPTEO.O) Null-I MO 40
41 002 ZR.? ,NPP MO 41
42 DO ZlmlN MCO 42
43 K'.K~1 MU 43

AA XNx(l) WO 44
4$ rm'Y(1) MO 45
46 z=Zz(I) MO 46
47 X(N)RxZsxK+yZ*xy+2zoxz.xS MCI 47
48 Y(K)WX1OYXY1yy+Z1ISZ+YS MO 48
49 Z(k)RX12ZX+YIOZY+ZZ*ZZ+ZS MO 49
5c XZ.X?(Z) MO 50
51 YINY2(I) MO 51

52 214z2(1) MU 52
53 X2CK)uXIDXX+YIOXY+ZIOXZ+X$ MO 53
54 Y2(K)uXZOX+Y*yIyYZZYZ+YS MO 54
55 Z2CK)aXZ$ZX+YIOZY+ZI*ZZ+ZS MO 55
56 B()B( MO 5B
57 ITAG(X)mITAOCI)+ITGI MO 57
58 1 CONTINUE MO 58
59 IluN~i MO 59

b NmK MO 60
61 2 CONTINUE MO 61
62 3 1r (M,L1,M2) GO TO 6 MO 62
63 Il=M2 MO 63s064 N.M mdO 64
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65 LDlmLD+l mo 65
6s zr (NRPT.EOO) KIAMf mo 66
67 DO 5 lZml,NRP WO 67
so DO 4 luli'M mo 68

70 ZRoLDI-! mo 70

71 K~wLDZ-K MO 71
72 xZUx(KR) MO 72
73 YIuY(ZR) MO 73
74 ZIDIZ(ZR) MO 74
75 X(KRi) xZ*Kx4YloxyeZZsxz*x$ MO 75
76 Y(KR ) XI'YK*YIOYY*ZT*YZ+YS MAO 70
77 Z(KR ) x!*zx+ytozy+ZR*2z421 MO 77
76 XtmTIX(ZR) MID 76
79 YluTIY(ZR) MO 70
s0 Z!UTIZ(xR) MO 60
61 71YKA(K) XZ*XX+Yj*XY+ZI*N2 MO Ct
62 TIY KR) OKZ*YX+YeYYYoZZyz MO 82
63 TIZ (KR)nXISZX+YZ*ZYOZZOZZ MO 63
614 XZoT2X(IN) MO 64
as Y~u72Y(ZR) MO 65
66 ZI;T2Z(IR) MO 66
a? T2 (KR)uXZSXX4VIGXY*ZZSKZ MO 67
66 72Y(KR)mKz*yE+YZ@YY.ZZ'YZ MO so
89 T2Z(KR)ukl*ZX+YI$ZY+ZZ'ZZ MOD 69
00 SALP(KR)w5ALP(ZR) MO 90
01 4 *Z(KR)aIZ(ZR) MO 91
02. ZIm+l MO 22
93 5 MinK MO 03
04 6 IF ((NRPT.EQ.O).ANO.(ZX.tQ.I)) RETURN MO S4
95 NOUN MO 95
06 mpud MO 96
07 ZIpYMma MO 07
9S RETURN MO 98

33 END MO 60-
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NEFLD

PURPOSE

To compute the near electric field due to currents induced on a structure.

CODING

NE30 - NE93 Near E field due to currents on segments Is computed.

NE30 - NE41 Each segment is checked to determine whether the field

observation point (XOB, YOB, ZOB) falls within the segment

volume. If it does, AX is set to the radius of that

segment. AX is then sent to routine EFLD as the radius of

the observation segment. If (XOB, YOB, ZOB) is on the axis

of a segment at its center, the field calculation with AX

set to the segment radius is the same as that used in

filling the matrix.

NE42 - NE93 Loop computing the field contribution of each segment.

NE43 - NE50 Parameters of source segment are stored in COHMON/DATAJ/.

NE51 - NE85 When the extended thin wire approximation is used, IND1 is

set to 0 if end 1 of sepent I is connected to a single

parallel sepment of the same radius, 1 if it is a free end,

and 2 if it connects to a multiple junction, a bend, or
a segment of different radius. IND2 is the same for end 2.

If INDl or IND2 is 2, the extended thin wire approximation

will not be used for that end.

NE87 EFLD stores the electric fields due to constant, sin ks,

and con ks currents in COMMON/DATAJ/.

NE88 - NE93 The field components are multiplied by the coefficients of

the constant, sin ks, and coi ke cowponents of the total

segment current, and the field is summed.

NE95 - NE117 Near field due to patch currentm is computed.

SYM3OL DICTIONARY
A

ACX - constant component ol segment current at NE88; t1 component uf

patch current at NE1I1

AX - segment radius when the field evaluation point falls within a

segment volume
SB = source segment radius
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BCX -sin ks component of segment current at NE89; t 2 component of

patch current at NE11i

:CX com ka component of serncOft ouirrent at NEW)

I, xr

EY * x, y, and a components of total electric field
ET,
EXC j

EYCJ - E field due to a coo ks current on a segent
EZCl

EYK - E field due to a constant current at KNI?; 2 field due to the t

EKJ component of patch current at NE114

EYX w E field due to a sin km current at Ru87; I field due to the t

EZS component of patch current at N1114

IP w loop index for direct and reflected field (1, 2, respectively)

TlY T - arrays for t 1

TlXJTI A

TlYJ w tI for source patch

TIZJ
T2Xj

T2Y w arrays for 2
T2Z

T2XJ

T2YJ t2 for source path

X1 w cosine of the angle between segment I and the segment connected

to its end

xOBX'OB * field evaluation point

ZP - coordinates of the field evaluation point, a or 2, in a

cylindricel coordinate system centered on the source segment 5
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CONSTANTS

0.5001 - fraction of segment length used to test whether the field

evaluation point falls within a segment

0.9 - fraction of segment radium used to test whether the field

evaluation point falls within a segment

0.999999 - minimum XI for extended thin wire kernel (maximum angle

0.08 degree)
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I SUBROUTINE NEFt.0 (XOBYOB,208,EX.EYEZ) WE 1
2 C NE 2
3 C. NEFLD COMPUTES THE NEAR FIELD AT SPECIFIED POINTS IN SPACE AFTER HE 3
4 C THE STRUCYURE CURRENTS HAVE GLEN COMPUTED. HE 4

5 C WE 5
6 COMPLEX EX.EY ,EZ ICUR.ACX,BCX,CCX IEXK ,EYKCZK,CXS.EYS,C2SEXC, EYC,E NE 6

a COMMON /DATA/ LD,Ni,N2,N,NP,MI.M2,M.MPX(300).Y(300).2(300),SI(300 WE 8
9 1),Uz(300),ALP(3oo),BET(300),ICON¶(30o),ZCON2(3oo),ZTAG(300),:CONX( WE I

10 2300) ,WLAM.IPSYM HE 10
11 COMMON /ANOL/ SALP(300) NE 11
12 COMMON /CRNT/ AIR(300),AII(300),IIR(300),SU:(300).CZR(300),cIx(300 NE 12
13 1),CUR(too) HE 13
14 COMMON /OATAJ/ SI,XJIYJ,ZJ,CASJSABJ,SALPJ,tXK,CYK,EZK,CXS,EYS,EZ NE 14
is iS,tXC,EYCSCZC,RKM,IEXKINDi,IND2,IPOND HE Is
is COMMON /OND/ZRATIZRZAT12,FRATX,CL,CH,SCAWL,SCRNNMRADL,KSYMP.IFAR, NE 16
17 iIPCRF,T1.T2 NE 17.
18 DIMENSION CAB(O), SAS(i)f TIX(t), TlY(l), l1Z(1). T2X(i), T2Y(i). NE 18
IS IT2Z(I) HE ill
20 EQUIVALENCE (CAB,ALP), (SA9,SCT) HE 20
21 EQUIVALENCE (TIXISI), (TIY.ALP). (TiZ,uItT), (T2XZCONI). (72Y,ICON NE 21
22 12), (T22,ZTAG) NE 22
23 EQUIVALENCE (TiXJ.CABJ), (YIYJ,SASJ), (TiZJ,SALPJ). (T2XJ.3), (T2Y NE 23
24 IJ,INDI). (T2ZJ,IN02) NE 2A
25 EXa(0,0.) NE 25
26 EYE(0.,0.) NE 26
27 EZs(O,.0.) NE 27
26 AXwO. NE 25
29 IF (N.EQ-O) 00 TO 20 NE 29
30 DO I Iul,N NE 30
31 XJmXOU-X(I) NE 31
32 YJ.YCU-Y(I) HE 32
33 ZJKZOI-Z(I) NE 33
34 ZPECAB(I)OKJ4.SAB(I)*YJ+SALP(Z)*ZJ NE 34

35 IF (AI5(ZlP).OT.O.50O1$SI(t))00T NE3
36 ZPNXJ$XJ+YJOYJ+ZJOZJ-ZP*ZP NC 36
37 xiuse(I) NE 37
318 IF (ZP.0T.O.9'XJOXJ) GO TO I NC 36
32 AXEXJ NE SO
40 OCT0O2 NE 40
41 1 CONTINUE NE 41
42 2 DOl 1.1 c,N NE 42
43 SWSICI) NE 43
A4 suaICI) NE 44
45 XJmX(I) NE 45
46 Y~JNY(I) NE 46
47 ZJAZ(I) NE 47
48 CADJaCAS(I) HE 46
45 SADJOSAD(I) NE 49
50 SALPJNSALP(I) NE 50
51 IF (IEXN.EQ.O) 00 TO 18 NE 51
52 IPRaICONI(l) NE 52
53 IF (IPR) 3.6,4 NE 53
54 3 IPRw-IPR NE 54
55 IF (-XcONt(IPR).NEI) GO TO 0 NE 55
SB 00706 HE 56
57 A IF (IPRNE.I) 00 TO 5 HE 57
58 IF (CABJ*CABJ+SA9J*SA9J.GTl.1E-l) GO TO I NE 58
so GO TO?7 NE 59
60 5 IF (ICON2(IPR) NEI) G0 TO S NE 60
61 6 XI=A9S(CABJOCAS(IPR)+SA9JSSA9(IPR)+SALPJOSALP(IPR)) NE 61
62 IF (XI.LT0.0 999109) 00 TO 9 HE 62
83 IF (A8SC9I(IPR)/9-l.).GT,1,E-G) 00 TO 9 NE 63
6A 7 IN~l=O NE 6A
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65 00 TO 10 HE 65
566a INDWm NE 66
67 00 TOI N0CH 67
68 9 INDin2 NC 68
69 10 ,IPRAICON2(t) HE 69
70 IF (1PP) 11,16,12 NE 70
71 11 IPRu-?pp NE 71
72 IF (-ZCON2(IPR).NC.%) 00 TO 17 NE 72
73 00 TO14 N'CH 73
74 12 IF (ZPR..NC.1) 00 TO 13 NE 74
75 IF (CA9J*cA9J+sAmJ*SA1J.GT.I.E-S) 00 TO 17 NE 75
76 Go0TO15 HE 76
77 13 It (ICONI(IPR).NC.I) 00 TO 117 NC 77
76 14 XIuASS(CAUJSCAS(IPR)+SABJSSAB(IPR)4.SALPJ'SALP(!PR)) NE 78
79 IF (XI.LT.O.999999) 00 TO 17 NC 79
so IF (Aus(mI(IPR)/G-I.).GTJ.t.-6) 00 TO 17 NCE so
81 15 1ND2w0 NE 81
82 00OTOI NC H 82
83 1s INDWu NE 83
84 0O TO 18 NE 84
85 17 IND2=2 NE 85
86 I8 CONTINUE NE 86
87 CALL EFLD (X09,YOB,2O9,AX,1) HE 87
88 ACXuCMPLX(AIR(I).AZZ(Z)) NE 88
s9 BCXmCMPLX(9IR(I).9II(I)) NC 89
90 CCXECMPLX(CIR(I).CI1(I)) NC 20
91 EX=EX+EXKOACX4+CXSOBCX+EXC*CCX NC 91
92 CYnEY+EYK*ACX4CYSAICX4.EYCOCCX NE 92
93 19 tZwCZ.CZK*ACX+CZSGBCX+EZC*CCX HE 93
94 IF (M.EQ.0) RETURN HE 94
95 20 1124 NE 95
96 JLuLD+i HE 96
97 DO 21 1I,1M HE 97
98 JLwJL-1 NE 98
99 S=91(JL) NE 99
100 XJ=X(JL) NE 100
101 YJ=Y(JL) NE 101
102 ZJ=Z(JL) NE 102
103 TIXJ , 1X(JL) NE 103
104 TIYJ=TiY(JL) HE 104
105 TIZJ , TZ(JL) NE 105
106 T2XJ =T2X(JL) NE ¶06
107 T2YJ = 2Y(JL) NC 107
108 T2ZJ ,T2Z(JL) NC 106
109 JCCJC43 NE 109
110 AC T1XJOCUR(JC-2)+TIYJOCUf4(JC-1 )+IIZJ*CUR(JC) NE 110
III 9C~x=T2XJ.CUR(JC-2)4T2YJOCUR(JC-1)+72ZJ$CUR(JC) NE ill
112 D0 21 IP=1,KSYMP NE 112
113 1PONDwIP HE 113
114 CALL UNERE (XOB.YOB.ZOB) NE 11.4
¶115 EXaEX+ACXOEXK49CXOEXS HE 115
1t$ EYsEY+ACXOEYK+ICXOEYS NC 116
117 2, CZ=EZ+ACXOEZK'6CXOEZS NE 117
lid RETURN NE 118
119 END HE 112-
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PURPOSE

To solve for the voltages and currents at the ports of non-radiating

networks that are part of the antenna. This routine also is involved in the

solution for current when there are no non-radiating networks, and computes

the relative driving point matrix asymmetry when this option is requested.

METHOD

DrivinR Point Matrix Asymmetry (NT32 to NT84):

To satisfy physical reciprocity, the elements of the inverse of the interac-

tion matrix should satisfy the condition

ij Si ji/Li

where Ai a length of segment i. This condition is not satisfied exactly,

except on special structures, since the terms computed are not true reactions.

The relative asymmetry of a matrix element is defined as

""A -

The code from NT32 to NT84 computes the relative asymmetries of matrix

elements for i and J of all driving point segments: either voltage source

driving points or network connection points. The maximum relative asymmetry

is located, and the rms relative asymmetry of all elements used is computed.

LOCAL CODING STRUCTURE

NT32 - NT44 Determine numbers of segments that are network connection

points.

NT46 - N154 Determine numbers of segments that are voltage source

driving points. Indices of segments with network connec-

tions or voltage sources are stored in array IPNT with no

duplication of numbers.

NT59 - NT69 Compute C-1 for k,1 - all segment numbers in IPNT.

NT70 - NT84 Compute relative asymmetries of elements computed above,

search for maximum and compute rms asymmetry.
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LOCAL SYMBOL DICTIONARY

ASA - sum of squares of relative asymmetries and rms value

ASM a 6ISM bforv NT70; maximam relative- asymmetry after NT69

CMN(JoI) n Gkj/A1; k - IPNT(J), t - IPNT(1)

CUR - temporary storage of G
Zk kc

IPNT - array of driving point segment indices

IROWi m number of entries in IPNT
ISCi - temporary storage of segment index

MASY•I - flag; If non-zero, matrix asymmetry is computed

NTEQ - row index of element having maximum asymmetry

NTSC - column index of element having maximum asymmetry

PWR - relative matrix asymmetry

miS - vector for matrix solution used in obtaining G-1

Non-radiating Network Solution (NT89 to NT262):

The solution method when non-radiating networks are present is discussed

in Part I,

Data for non-radiating networks is passed throughthe"COMMON/NETCX/

S where

ISEGl(I) - number of the segment to which and 1 of It two-port network

is connected

ISEG2(I) w number of segment to which end 2 of Ith two-port n!twork is

connected

NONET - number of two-port networks for which data is given

Network parameters are contalied in the arrays XI1R, Xli1, X12R, X121, X22R,

and X221, and the type of network is determinou by NTYP:

If NTYP is 1 -- the network parameters are the short-circuit admittance

parameters of the network:

XM1R, XIII a real and imaginary parts of YI1

X12R, X121 - real and imaginary parts of Y12 " Y21

X22R, X221 - real and imaginary parts of Y22

If NTYP is 2 or 3 -- the netwrk is a transmisslon line:

XILR - characteristic impedance of transmission line

N1III a length of transmission line in ieters

X12K - real pn:t of shmut admittance on end 1 of llne
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X121 - imaginary part of shunt admittance on end 1 of line

X22R - real part of shunt admittance on end 2 of line

X221 - imaginary part of shunt admittance on end 2 of line

7f NTYP is 2 -- the transmission line runs straight between the segments with

respect to the segment reference directions.

If NTYP is 3 -- the transmission line is twisted as shown in figure 8.

The short circuit admittance parameters of the transmission line, Y

Y112' andY 2 2 , are computed from NTllO to NT120 in the code. When NTYP is 3,

the sign of Y12 is reversed.

The code from NT99 to NT194 forms a loop that for each network: computes

the network parameters Y1 1,' 12 and Y2 2 ; sorts the segment indices involved;

and adds the parameters YIll Y1 2 ' and Y22 to the appropriate network equations.

The sorting procedure for the connection of end 1 of the network is described

in figure 9. Decision I is made in the code from NT121 "to NT126, decision

2 from NT128 to NT133, and decision 3 from NT138 to NT143. Segments having

nttwork connections only are assigned equation rows in the array CXN starting

from the top in the order that the scements are encountered. Segments with

both network and voltage source connections are assigned equation rows In CM

starting at the bottom and proceedirg up. The former are eventually solved

for the unknown gap voltages, while the latter are used to obtain source input

admittances after the structure currents have been computed. The code from

NT148 to NT174 assigns equation numbers for the connection of end 2 of the

networks and sets IROW2 and ISC2.

The network short circuit parameters are added to the network equations

from NT182 to NT193. The coefficient matrix is transposed in filling the CMN

array, since the matrix solution routines operate on a transposed system.

Hence, the first index should be considered the column number and the second

Index the row number, If a segment NSEG1 does not have a voltage source

connected, the parameters Y11 and Y 12 are added to column IROWl at rows 1ROW1

and IR0W2, respectively. IROW2 may be either (1) in the upper roi's as part of

the equations for the unknown gap voltages, or (2) if a voltage source is

cornnected tro segment NSEG2, in the lower rows for later determination of the

source current. If a voltage source ir connected to segment NSEG1, the

S



NETWX

ForNTYP2 For NTYP -3

Segment I * Sgmentj Segment I Segment

Figure 8. Options Eor Transmission Line Connection.

coefficients Y11 and Y12 are multiplied by the known source voltage and added

to the right-hand side of the network equation in the rows IROWI and IROW2.

The parameters Y12 and Y22 are added to the equations in a similar

manner.

The loop from NT199 to NT208 computes the elements of the inverse

matrix G-1 and adds them to the network equations. The network matrix isIUL

then factored at NT213. The code from NT218 to NT225 computes B RHS(I),

where

N
Bi me 01 GiJEjl , i e 1, ... N s

with (-Es) being the known applied field on segment J, not including unknown

voltage drops at network ports, Those elements Bi for segments in the network

equations are then added to the right-hand side of the network equations. At

NT229 the network equations are culved for the excitation fields due to

voltage drops at the nruwurk ports. The negatives of these fields are added

to the excitation vector at NT234 to NT236, completing the definition of the

excitation vector E The structure equations are then solved for the induced

currents.

N
i N E_ E

J Jl iiii

1- ,'"ýT241 to NT261, thi- voltage, currcut, admittance, and power seen louking

i-.L) the structure at each network port are printed. This current dues not

include current through any voltage sources that are connected to the port.
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The code from NT269 to NT294 computes and prints the voltage, current, admit-

tance, and power seen by each voltage source looking into the structure and

"4 I:Ir~lra1ll cunnected network port, if a network is present.

Alter the network equntions have once been met up, they can be solved

for various incident fields by entering the code at NT218. If the location of.

voltage sources is changed, however, the equations must be recomputed.

If a structure has no non-radiating networks, the currents are computed

at NT266.

SYMBOL DICTIONARY

ASA - sum of squares of relative matrix asymmetries and rme value

ASH s segment length and maximum relative matrix asymmetry

CABS a external routine (magnitude of complex number)

Cm -array of matrix elements Gij

CMN = array for network equation coefficients

CMPLX a external routine (forms complex number)

CONJG a external routine (conjugate)

COS a external routine (cosine)

CUR u current

SEINC a excitation vector

FACTR a external routine (Gauss-Doolittle matrix factoring)

FLOAT - external routine (integer to real conversion)

I - DO loop index

IP w array of positioning data from factoring of CM

IPNT - array of positioning data from factoring of CMN

IROWl - matrix element index

IROW2 - matrix element index

ISANT - array of segment numbers for voltage source connection

ISCI - segment location in array ISANT

,ISC2 a segment location in array ISANT

ISEGl - number of segment to which port 1 of network is connected

ISEG2 - number of segment to which port 2 is connected

IX - array of positioning data from factoring of CM

J - DO loop index

MASYM - flag to request matrix asymmetry calculation

NCOL w number of columns in CM

KIM; - array dime,-ion of CMN

-249-



NETWK

NDIMNP w NDIMN + 1

NONET w number of networks

NOP - N/NP

NPRI.NT w flag to control printing

NROW w number of rows in CM

NSANT a number of voltage sources

NSEG1 a array of segments to which port 1 of a network connects

NSEG2 a array of segments to which port 2 of a network connects

NTEQA(I) - segment number associated with Ith network equation

NTSC a number of network-voltage source equations

NT'SCA(I) = segment number associated with Ith network-voltage source

equation

NTSOL * flag to indicate network equations do not need to be
recomputed

NTYP(I) * type of Ith network

PIN • total input power from sources

PNLS * power lost in networks

PWR = power

REAL • external routine (real part of complex number)

RHNT * vector for right-hand side of network equations

RH1NX * component of RHNT due to Y 1I Y1 2 ' Y2 2 terms

RHS • vector for right-hand side of structure interaction equation

SIN - external routine (sine)

SOLVE e external routine (Gauss-Doolittle solution)

SOLVES * external routine (Gauss-Doolittle solution of CM matrix)

SQRT - external routine (square root)

TP *27

VLT - voltage

VSANT(I) w voltage of source on segment NSANT(I)

VSRC(I) • voltage of source on Ith segment in network-volta&g source

equations
Xl 11

XlIR

X121 = network or transmission line specification

XI2R parameters

X221
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YMIT - admittance

Y111 - imaginary part of Y1 1

UYl'K - real part of YI1

Y12J - imaginary part tit' Y12

YI2K - real part of Y12

Y221 - imaginary part of Y'22

Y22R " real part of Y 22

ZPED i impedance

CONSTANTS

6.283185308 " 2v

30 a row and column dimensions of CHNt

31 - (row and column dimensions of CIN) + 1

"-251-



NETW

I SUBROUTINE NETWX (CW4.CMB,CMC,CMD,IP,fINC) NY 1
2 C NY 2
3 C SUBROUTINE NETWK SOLVES FOR STRUCTURE CURRENTS 709 A GIVEN NY 3
4 C EXCITATION INCLUDING THE EFFECT OF NON-RADIATING NETWORKS IF NY 4
5 C PRESENT. NY 5
7 COMPLEX CMN1RHNT.YMIT,RHSZPCDE!NC,VSANT,VLT,CUR,VSRC,RHNXVOD.yQ N! 7
a iD$.CUX,CMCMBiCMCCMD NY 5
I COMMON /DAIA/ LDN1,N2,N,NP,M1,W2,MMPX(3OO),Y(3O0),Z(30O),5I(3OO NY 9
10 1).UI(I0O)1ALP(300),ucT(30o),zCON1(300).ICON2(300),ZTAO(300),ICONX( NY 10
11 2300) ,WLAMIPSYM NT II
12 COMMON /CRNT/ AIR(SOO),AIZ(30O),IIR(3OO),SSZ(300),CZR(3OO),CZI(3OO NT 12
Is t),CUR(600) NT 13
14 COMMON /VSORC/ VQD(30)IVSANT(30)IVQDS(30),2VQD(3O),ISANT(30),IQDS( NT 14
15 13Q),NYOD,N$ANT,NODS NT 15
if COMMON /NETCX/ ZPED.PIN,PNLS,NE~oNPEQ,NEO2,NONET,NTSOL,NPRINT,MASY NT 10
17 IM.ZSCOI1(30)I:SEO2(30).X11R(3O).X111(30).X12R(30),X121(3O).X22R(30) NT 17
I$ 2,X221(30).NTYP(30) NY Is
19 DIMENSION tINC(l). IP(1) NT 1t
20 DIMENSION tZMN(30,30). RHNT(SO), ZPNT(3O), N~tEA(30). NTSCA(SO), RN NT 20
21 15(900)i VSRC(10). RHNX(30) NY 21
22 DATA NDIMN.NDIMNP/30.31/1TP/6.283185306/ NY 22
23 PINuO. NT 23
24 PNLSuO, NT 24
25 NIOTwNEO+NEO2 NT 25
26 If (NTSOL.NE.0) 00 TO 42 NT 26
27 NOP.NEQ/NPEO NT 27
21 IF (MASYM.EQo.) 00 TO 14 NT 21
29 C NT 29
30 C COMPUTE RELATIVE MATRIX ASYMMETRY NT 30
31 C NT 31
32 IROWINO NT 32
33 IF (NONITA.EQ.) 00 TO 5 NT 33
34 DO 4 Im.1 NONET NY 34
35 NSEOiIUSEGI(I) NT ' 36
36 D0 3 15Clul,2 NT 36
37 IF (IROWI.EQ.O) 00 TO 2 NT 37
38 DO I Jul,IRO#I NT 36
39 IF (NSCOI.EQ.IPNT(J)) 00 TO 3 NT 39
40 1 CONTINUE NT 40
41 2 IROluINRON1+ NT Al
42 IPNY(ZROWi )mNSEGI NT 42
43 3 NSEOINISE02(I) NT~ 43
44 4 CONTINUE NT 44
45 5 IF (NIANT COO0) GO TO 9 NT 45
46 D0 8 1.1 NSANT NT 46
47 NSEGIwISANT(I) NT 47
46 IF (IROWIA.EO) 00 TO 7 NT 48
49 D0 6 JulIROWi NT 49
so IF (NSEO1.EQIPN7(J)) 0O TO 9 NT 50
51 6 CONTINUE NT 51
52 7 IROWI mIROWI +1 NY 52
53 IPNT(!ROWI )nNSEO1 NY 53
54 a CONTINUE NT 54
56 9 IF (IROWI.LI.NDIMNP) 00 TO0 10 NT 55
56 PRINT 59 NT 56
57 Slop NY 57
so1 10 IF (IROW1.LT.2) 00 TO 14 NT 55
so 00 12 ImI ,IROW1 NY 59
80 ISC~mIPNT(I) NY 60
61 ASMOSI(2SC1) NT 61
62 DO 11 JuN ,NCOT NT 62
63 11 RHS(J)z(O.,r,) NT 63

6' HS(SCIu~l 0,)N' 64
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65 CALL SOLGF (CMCMBdCMC,CMD.RHSZPNP,NI,N.MPM1,M,NCO,NE02) NY 65
66 CALL CAUC (RH.S) NY IS
67 0O 12 JulIROW1 NY 67
IS ISCioIPNT(J) NT IS
66 12 CMN(J,Z)m~NHS(ZSCI)/ASM NY 69
70 Asmso, NY 70
?IP ASAwO. NY 71

DO1> 1 I) u2.ZROW NY 72
73 ZSCIMI-I NT 73
74 00 13 Jml,ZSCI NY 74.
75 OUumCmdN(ZJ) NT 75
76 PWRRCAIS((CUX-CMN(,J , ) )/CUX) NY 76
77 ASA.ASA+PWR*PR NY 77
75 I7 (PWR LT-ASM) 00 TO 13 NT i5
71 ASMuPWA NY 70
go NlTEQSZPNT (2) NT 50
41 NTSCmPNT (J) NT 51.
42 153 CONTINUE NY 52
43 ASAu5OftT(ASAS2./rL0AT(ZRCW1@(ZROWf1-))) NT 13
64 PRINT 58, ASM,NTEQNTSC,ASA NT 84
is 14 Ir (NON1T.tQ.0) 00 TO 41 NY 5S

57 0 SOLUTION 0F NETMRK EQUATIONS NT 57
IS C NT 88
59 kDO 15 2w1,NDIMN NT so
00 RHNX(1)%(O.,0.) NT 90
911 , 00 15 Jmi.NDZMN NT 61
92 15 Ch~N(ZJ)w(QO...) NT 02
:13 NTEONO NT 93
04 MYSCRO NT 94

96I C SORT NETWORK AND SOURCE DATA AND ASSIGN EQUATION NUMUERS TO NT 66
570 StOWCNYS. NT 97

95 C, NT 95
go 9 00 36 Jul ,NONET NT 90

1100 NSCGOuS7OI(J) NT 100
101 NSCO2=15C02(J) NT 101
102 IF (NTYP(J).GT.1) 00 TO 16 NT 102
103 Y1IIRNIIR(J) NT I103
104 YINZXIII(j) NT 104
105 Y12RRX12R(J) HT 105
106 Y2MNXI2I(J) NT ¶05
10? Y22NmsX22ft(J) NT 107
l08 Y221mX22!(J) NT 108
100 00 TO 17 NT 109
110 16 Y22R*TPOXIII(J)t#LAM NT ¶10
III Y¶2RNO, NT III
112 Y121wi,*/(XiiR(J)*SIN(Y22R)) NT III

13 Y¶iRzXi2R(J) NT 113
114 Y1¶1*-Yi216C0S(MZR) NT fl4
115 Y22ROX22R(J) NY 115
lie Y221uYIIZ.X221(J) NT 116
Ili Y¶¶3uY+IXi21(J) NT 117
lie IF (NtYP(J).CQ.2) 00 TO 17 NT 115
Ile Y12Rm-Yl2R NT 1¶6l
¶2o Y12lo-YI21 NT 120
121 17 IF (NSANI.[COO) 00 TO 19 NT 121
122 DO 18 Zu1,NSANT NT 122
123 IF (NSCGI.NE.ZSANT(I)) 00 TO 16 NT 123
124 ISCIMI NT 124
125 00 TO 22 NT M2
¶11 11 CONTINUE NT 126

127 19 IscluO NT 127

120 IF (NTEQ.EQ.0) 00 TO 21 NT 126
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129 00 20 1.1 NTEO NT 129
130 IF (NSF0o¶N[,NTEQA(I)) 0O TO 20 NT 130
131 IROWiwI N7 131

132 00 TO 25 NT 1320
133 2 CONINUENY 133

134 21 NTE~uNTCQ+l NT 134
135 IRCW1uNTEO N1 135
1134 NTtQA(NTtO)wNSEOI NT 136
137 00 TO 25 NT 137
138 22 IF (NiScaEo.) c0 To 24 NY 13l
133 DO 23 ZuI INT&C NT 130
ISO IF (NSEOi.Nt.NTSCA(3)) 00 TO 23 NY 140,
141 IACW~mNDZMNP-I NT 141
142 00 TO 25 NT 142
143 23 CONTINUE NT 14
144 24 NTSCwNTSC4i NT 144
145 IROW~wNOZMNP-NT8C NT 1145
146 NTSCA(NTSC).N5101 NT 146
1147 VSRC(NTSC)mVSANT(ISCI) NT 147
1148 25 IF (NSANT.IQ.0) 00 TO 27 NT 146
¶49 DO 26 ZuiNSANT NT 149
150 IF (NSt02,NE.1SANT(I)) 00 TO 26 NT ISO
151 ISC2uZ NY 151
152 00 TO 30 NT 152
153 26 CONTINUE NT 15
154 27 ISC2EO NT 154
155 If (NTEO.EQ.0) 00 TO 21 NT 155
M5 0O 26 1.1INTE0 NT 156
1157 IF (N5t02,Nt.NTtOA(I)) 00 TO 20 NT 157
150 IROW281 NT 155
ISO 00 TO 33 NT 159
160 25 CONTINUE NT ¶60
161 29 NTEQmNTEQ+I NT 16I
162 IRO#2mNT1O NT 1620
163 NTEQA(NTEO).NSEO2 NT 163
164 00 TO 33 NT 164
lBS 30 IF (NTSC.EO.O) 0O TO 32 NT ¶65
¶66 00 VSI 1.,NYSC NT 166
167 IF (N51G2.NC.NTSCA(I)) 00 TO 31 NT 167
IS$ ZAOW2wNDIMNP-I NT 165
I$16 G0 TO 33 NT ¶69
170 31 CONTINUE NT 170
171 32 NTSCuNTSC+l NY 171
172 ZROW2.NDIMNP-NTSC NT 172
173 NTSCA(NTSC)ONSCG2 N)' 173
174 VSRc(NISC)NVSANT(ISC2) NT 174
175 33 IF (NISC+NTECLT.NDINNP) 00 TO 34 NT 175
176 PRINT 59 NT 170
177 STOP NT 177
¶78 C NT 175
179 C FILL NETWORK EQUATION MATRIX AND RIGHT HAND SIDE VECTOR WITH NT 179
110 C NETWORK SHORT-CIRCUIT ADMITTANCE MATRIX COEFFICIENTS. NT 1SO
Ill C NT 161
152 34 IF (ISCI.Nt,O) 00 TO 35 NT 182
183 CMN(IRDWl,IRO~i)uCMN(IR0W1,IRO~l)-CMPLX(Y11RYl1I)SSI(NSE~l) NT ¶83
184 CMN(IR0WlZROW2)uCMN(IftOW11 IROW2)-CMPLX(Y12R,Y¶2I)eSZ(NSEOl) NT 154
lob 00 TO 36 NT 165
ISO 35 RHN!X(IRO~I'uRHNXIIROWl)4CMOPLX(Y11R.Yl)'VSANT(ISCI)/*LAM NY 156
187 RHNX(IROW2)iRHNX(ZROW2).CMPLX(Y12R,yl2l)*VSANT(ISC1)/WLAM NT 157
1s$ 36 IF (ISC2.NE.O) 00 TO 37 8 NT 185
Ise CMN(IROW2,IROW2).CMN(IROW2,1RO2)-CMPLX(Y22R,Y221)651(N5C(02) NT 189
190 CMN(IROW2,IROW1)nCM4N(IR0W2,II4OWl)-CMPLX(Yl2RY¶2I)SSI(NSE02) NT 190
191 00 TO 35 NT 19'

192 37 RHNX(IRO~i)uRHNX(IROWl).CMPLX('Y12RY12I)VYSANT(ISC2)/WLAM NT 192



113 RHNX( IROW2'j=RI*X( 1R0W2)+CMdPLX(Y22R.,Y221)*VSANT(ZSC2)/WLAM NT 193
114 36 CONTINUE NT 194
195 C NY 195
126 C ADD INTERACTION MATRIX ADMITTANCE ELEMENTS TO NETWORK EQUATION NY 196
197 C MATRIX N 9
198 c NT 197
199 DO 41 1.1 INTEO NT 199

loo O 39JzlLQTNT 202

203 NHS(IR0WI)m(:.,o.) NT 203
1ýO4 CALL S0LOF (CMCMU.CMC.CMD,RHS,IPNP,NIN,NMPMl,M,NEQ,NEQ2) NT 204
205 CALL CAIC (RHS) NT 205
206 DO 40 Jwl ,NTEQ NT 206
207 IROW1uNTEOA(J) NT 207
206 40 CMN(I.J)NCMN(I,J)4.RHS(IROWI) NT 206
200 41 CONTINUE NT 200
210 C NT 210
211 C FACTOR NETWORK EQUATION MATRIX NT 211
212 C NT 212
213 CALL rACTR (NT[OCMN,IFNT,NDIMN) NT 213
214 C NT 214
215 C ADD TO NETWORK EQUATION RIGHT HAND SIDE THE TERMS DUE TO ELEMENT NT 215
216 C INTERACTIONS NT 216
217 C NT 217
216 42 IF (NONETEO.0) 00 TO 46 NT 218
210 00 43 131 NEOT NT 219
220 43 RI4S(I)uCINC(l) NY 220
221 CALL SOLor (CMCMB,CMC,CMD,RHS,ZP,NP,N1,N,UP,M1,MNEONEQ2) NT 221
222 CALL CAIC (RHI) NT 222
223 DO 44 ImINTCQ NT 223
224 IROW`ImNTEQA(I) NT 224
225 44 RHNT(ulwRHNX(I)+RHS(IRCW1) NT 225
226 C NY 226S227 C SOLVE NETWORK EQUAT7ONS NT 227
228 C NT 228
229 CALL SOLVE (NTEQICMNIIPNYIRHNT,NDIMN) NT 229
230 C NT 230
231 C ADD FIELDS DUE TO NETWORK VOLTA0tS TO ELECTRic FIELDS APPLIED TO NT 231
232 C STRUCTURE AND SOLVE FOR INDUCED CURRENT NT 232
233 C NT 233
234 DO 45 1m.1NYCO NT 234
235 IROWiUNTEQA(Il NT 235
236 45 ElNC(1ROWI )vCINC(IROWI)-RNNT(I) NT 235
237 CALL SOLOF (ChA,CMB,CW.C,CMD,CINCIPNP,NlN,MP,M1,M.NEQNE02) NT 237
23B CALL. CABC (EINC) NY 235
239 IF (NPRINT.EEQO) PRINT 61 NT 239
240 IF (NPRINY.EO.O) PRINT 60 NT 240
241 DO 46 lI,NTCO NT 241
242 IROWinNTEQA(I) NY 242
243 VLTwRHNT(I)*SI(IROWI )6WLAM NT 243
244 CUXNEINC(IROWI )*WLAM NY 244
245 YMITvCUX/VLT NT 245
246 ZPEDuVLT/CUX NT 246
247 IRow2mXTAO(IROW1) NT 247
246 PWRurS*REAL(VLT'CONJG(CUX)) NT 2A6
242 PNLSuPNLS-PWR NT 424
250 46 Ir (NPRINTEQ.O) PRINT 62, IROW2,IRQWV1,VLTCUX,ZPCD,YMITPWR NT 250
251 IF (NTSC.EO.0) 00 TO 49 NT 251
252 D'O A7 1.1 ,NTSC NT 252
253 !ftOWV~NTSCA(I) NT 253
254 VL~mVSRC(I) NT 254
255 CUXwEINC(IROWl )OWLAM NT 255
250 Yk4ITwCUX/YL T NT 256

-255-



NE1VK

257 ZPED=VLT/CUX NY 257
258 IROW2uITAG(IROWI) NT 258
259 PWR=.5*REAL(VLT*CONJOCCUX)) HT 259
260 PNLSaPNLS-PWR NY 2600
261 47 IF (NPRINY.EQO) PRINT 62. IROW2,ZROWI,VLT,CUXZPEOYMIT,PWR NT 261
262 00 TO 49 NT 202
263 C NY 263
264 C SOLVE FOR CURRENTS WHEN NO NETWORKS ARE PRESENT NT 264
265 C NT 265
266 46 CALL SOLOF (CM,CMS,CMCCMDeEZNCIPNPeNIN,MPgb$,MMeNEQ,NCO2) NT 266
28? CALL CAUC (EINC) NY 267
261 NTSCUO NT 266
269 49 IF (NSANT+NVQD.[O.0) RETURN NT 289
270 PRINT 63 NT 270
271 PRINT 60 NT 271
272 IF (NSANT.IQ.O) 00 TO 56 NT 272
273 D0 55 I1. NSANT NT 273
274 ISC~uUSANT(I) NT 274
275 VLTuVSANT(I) NY 275
276 IF (NTSC.EO,O) 00 TO 51 NT 276
277 D0 50 Jul ,NTSC NT 277
276 IF (NTSCA(J).CQ.ISCI) G0 TO 52 NT 278
279 50 CONTINUE NT 279
280 51 CUXaCINC(ISCI)OWLAh4 NT 280
281 IROWIM0 NT 261
262 00 TO 54 NT 282
283 52 IROWImNDIMNP-J NT 283
284 CUXuRHNX(IROW1) NT 284
285 00 53 Jul ,NTEQ NT 2855
286 53 CUXsCUY-CMN(j4IROWI )*RHNT(J) NT 288
257 CUX.(CINC(ISCI )4CU9)$WLAM NY 287
256 54 YM1TaCUX/VLT NT 289

289 ZP[DwVLT/CUX NT 289

290 PWR=..SREAL(YLTOCONJG(CUX)) NT 290S
291 PlNnPIN*PWR NT 291
292 IF (IROWI.NE.O) PNLSmPNLS+PWR NT 292
293 IROW2wZTAG(ISCI ) NT 293
294 55 PRINT 62, IROW2,ISCI ,VLTCUX,ZPED,YMIT,PWR NT 294
295 56 Ir (NVQD.EQ.O) RETURN NT 295
296 DO 57 IutNVOD NT 298
297 ISC~wIVOD(I) NT 297
298 VLT*VOU(I) NT 298
299 CUXaCMPLX(AIR(ISC ) ,AII(ZSC1 )) NY 299
300 YMIT.CMPLX(9IR(ISC1).BIIICZCI)) NT 300
301 ZPEDwCMPLX(CIR(ISC1)ýCII(ISCI)) NT 301
302 PWR=SI(ISCI)*TPO.5 NT 302
303 CUXu(CUX-YMIT*SIN(PWR)+ZPED*COS(PWR))$WLAM NT 303
304 YMITwCUX/VLT NT 304
305 ZPCD.VLT/CUX NT 305
306 PWRo.5$REAL(VLT$CONJGCCUX)) INT 306
307 PINuPIN+PWR NT 307
308 IROW2.ITAG(ISCI ) NT 308
30l 57 PRINT 64, IROW2,ISCI IVLT,CUX,ZPEDYMIT,PWR NT 309
310 RETURN NT 310
311 C NT 31'
312 58 FORMAT (///,3X,47HMAXIMUM RELATIVE ASYMMETRY OF THE DRIVING POINT, NT 312
313 121H ADMITTANCE MATRIX ISEIO.3,ISN FOR SEOMENTSIIS,4H AND,15./,3X, NT S33
314 225HRMS RELATIVE ASYMMETRY 15,00.3) NY 314
315 59 FORMAT (IX,44HERROR -- NETWORK ARRAY DIMENSIONS TOO SMALL) NT 315
316 to FORMAT (/,3X.3HTA0,3X,4HSEG.,41X.15HVOLTA0E (VOLTS),§X.14HCIJRRENT ( NT 316
317 14MPS).SX,IGHIMPEDANCC (OHMS),$X.17HADMITTANCE (MHOS),6X,5HPOWER,/, NT 317
JI8 23X,3HNC,,3X.3HNO,4X,4HREAL,8X,5HIMAG,,3(7X.4NREALUX,SHIMAO,),5X, NY 318
319 37H(WATTS)) NT 319

320 61 FORMAT (///,27X.$GH-- STRUCTURE EXCITATION DATA AT NETIWORK COHN NT 320
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I21 IECYZON POINTS - - -) NT 321
322 62 FORMAT (2(1X.I5).9E12.5) NT 322
323 SS FORMAT (///,42X,SeH- - - ANTENNA INPUT aANAMETERS - )NT 323
34 54 FORMAT (1X,I5,2H *%149E¶2.5) NT.324

35 END ýNT 325-
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NFPAT

To compute and print the near E or H field over a range of points.

HETHOI..

Vie tange of points in rectangular or spherical coordinates is obtained

from parameters in COVKMON/PPAT/. Subroutine N&FLD is called for near E field

and NHFLD is called for near H field.

SYMBOL DXOTIONARY

CPH tcoso

' CTH acos.

DXNR = i~ncrement for x in rectangular coordinates or R in

""phorical coordinates

DYNR increment for y in rectangular coordinates or * in

spherical coordinates

,nZNT( * increment for z in rectangular coordinates or 6 in

spherical coordinates

EX, EY, EZ a x, y and z components of E or H

INEAR a 0 for rectangular coordinates

1 for spherical coordinates

NFEH a 0 for near E field

1 for near H field

NRX, NRY, NRL - number of values for x, y and z or R, *, e

SPH • sin €

'a S fin b

TA a TI/,10

XNR - initial x or R

XNRT w x or R

X0• a x

YNR - initial y or €

YNRT - y or

YOB 0 y

ZNR - initial z or b

ZNRT - z ore
LOB 0 z
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I SLIBROLINE NFP'AT NP I
I 'ý CONPUTl NEAR 1 OR h rIELDs OVER A RANCEl OF POINT', NP 2
3 COMPLLX EX.EY.JZ Np 6
4 COMMON /DATA/ LD.NI.N2.N.NP,N¶,M20W,.MP,X(300),Y(300).Z(300),SI(30o NP
5 i)tSI(300),AL)O30).9CT(3OO),ICONl(3OO),ZCONI(300),ZTAO(30O),1CONX"% NP 5
b 2300).WLAM.IPSYM NP 6
7 COh4MON./i'PAT/ N1H,NPH,IPDIAVP.INOR,1AX.THETS.PHISDTH.DPH,RFtnýoN NP 7
a IOR,CLT,CHIEPSR2,SIG2,IXTYPXPRG,PINR,PNLR,PLOSS,NtAR.NVEH.NRX.NR'Y NP 8
9 2,NRZ,XNR,YNRZNR,DXNR,D'rNRDZNR NP 0

10 DATA TA/1.745329252C-02/ NP 10
11 IF (NFEH.EQ.I) 00 TO I NP 11
12 PRINT 10 NP 12

13 00 10 2 NP 13
I0. ¶ PRINT 12 NP 14
I5 2 ZNRT.ZNR-DZNR NP 15
16 DO 9 Xm1,NRZ NP e1
17 ZNRTOZNRT+DZNR NP 17
is IF (NCAR.EO.O) 00 TO 3 NP 1S
19 CTI4UCOS(TA*ZNRT) NP 19
20 ST~I.~SN(TA#ZNRT) NP 20
21 3 YNRTaYNR-DYN.R NP 21
22 DO 9 J41LNRY NP 22
23. YNATaYNRT.ODrNR NP 23
.24 IF (,NEAR.EQ.0) GO TO 4 NP 24
25 CPH.COS(TAOYNPT) HP 25

61 SPHxSIN(TA*YNRT) NP, 26
.27 4 XNRT.XNR-DXNR NP 271.
26 DO 9"KKo1,NRX NP 26
20 XNRT=XNRY+DXNR NP 29
30 IF (NCAACQ.O) 6O TO 5 NP 30
31 XO~aXNRT*STH$CPH NP 31
32 YQO.NRYOSTHOSPH NP 32
33 ZOBmXNRT*CN1 NP 33
34 GO To NP 34
35 5 XObuXNRT NP 35
30 YO8%YNRT NP '36
37 200=ZNRT NP 37
35 6 TMPixXOB/WL.AW NP 38

3 TMP2mYOEVLAM NP 39
40 7MP3=Z0B/WLW NP 40
41 IF (NrEH.EO.i) 00 TO 7 NP 41
42 CALL NErLD (TMP1,TMP2,TMP3,EXEY,EZ) NP 42
43 GO TO 8 NP 43
40 7 CALL N~4rLD (lMP1,TM02,TMP3jXEY,LZ) NP 4A
45 8 TMP1lmCA85(EX) NP 45
46 TMP2=CANCCEX) HP~ 46
47 TMP$=CABS(El) Np 47
48 TMP4=CAN0(EY) NP 48

49 TMP5=CASS(EZ) NP 49
50 TMP6=CANG(EZ) NP 50
51 PPRINT 11, XOBY0B.ZOB,TMP1 TMP2,TMP3,TMP4,TMP5,TMP6 NP 51
52 9 CONTINUr NP 52
53 RETURN NP 53
54 C. NP 54
55 10 FORMAT (///1 '35X.32H- - - NEAR ELECTRIC FIELDS --- //,12X,14H- L NP 55
56 iOCAlION -,2'X,BH- EX -. 15XBNH- EY -,i5X,SH- EZ -,/.$X¶NHX,1 NP 56
57 20X,IHY,10)(.IHZ,lOX.9HMAGNITUDE.SX,5HPHASE.GX,gHb4AGNITUDE,3X,bHPHAS NP 5?
58 3E,6x~gHmAC.NITUDC,3,5.SPHASE,/.SX,6HMETERS,5X.6HMETERS,5XSHIIETEPS, NP 58

.9 48X.V0YLT5/'M.3A. HDEGREES.6),7HVOLTS/M,3X.7HDEGREESSX,7HVOLTS/hV,3 NP 59
60 5X.7HOEGREES) NP 60
61 11 FORMAT (2x,3(2>.Fg.4),IX.3(3XEI1.4.2X.F7.2.)) NP 61
62 12 FORMAT (,////35w.32N- - - NEAR MAGNETIC FIELDS -.- //,12Y i4H- L NP 6,
63 1OCA71ON *,.21X.SH- HX-.15X,SN- NY -,15X,SN- HZ -,/.8X,lHX,1 NP 63
64 20x,1i-Y,lCxIH,1R20'9HMAGN3TUDE,3X,5MPHASE,6X,9I4MAGNITUDE.3X.5HiPHAS NP 64



as 3E.BXIPNMAGNZTUDC.3X,5NPNASE./,6XI6HMCTCRS,5X,6HMCTCR5,5X.HMMCTCRS, NP 65
66 4E4.GNAMPS/M,SX.7HDEGRCCS.7X,6HAMPS/MSXVHOCGRLCS,7X,P44uP5/w,.!x,7 NP 66
67 SIIDEGRCES) NP 67
6a ENDO NP~ 55-
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NHF___D

"PURPOSE

To compute the near maBratic field due to currents induced on A

structure.

CODING

NH28 - NH56 Near V field 'due to currents on segments is computed.

NS29 NH40 Each segment is checked to determine whether, the field

observition point (XOB, YOB, ZOB) falls within the segment

volume, If it does, AX Is set to the radius of that,

segment. AX is then sent to routine HS?LD as the radius or

the observation segment to avoil a singularity in ,the field.

NH41 - NH56 Loop compuctng the field contribution of each seglent,

NH42 - NH49 Parameters of source segment are stored in COMMON/DATAJ/.,

NH50 HSFLD stores, the tagnetic.,field due tO constant, sin ko, and

cos ks currents in COIMON/DATAJ/.

NH54 -,NH56 The field cotaponents are multiplied by the coefficients of

the constant, sin ks, and coo ks components of the total

Segiment currrent, and the field is summed,

NH58 - NH78 Near H field's due to patch currents are computed.

NH62 - NH71 Parameters of source patch are set in COMON/DATAJ/,

NH72 H field is computed by HINTG.

NH76 - NH78 H fields due to t 1 and t2 current components are multiplied

by the current strengths and summed.

SYMBOL DICTIONARY

ACX a constant component of the segment current at NH51; t1 component

of patch current at NH74

AX a segment radius when the field evaluation point falls within a

segment volume

BCX a sin ks component of segment current at NH52; t 2 componen•t of

patch current at NH75

CCX a cos ks component of segment current at NH53

HX

HY M total H liJld
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TIX

iTIY - arrays for t

TIZ
'I'LXJ

TlYJ I I for patch I
TlZJI
T2X

T2Y - arrays for t2

T2Z

T 2X J a

T2YJ t 2 for patch I

T2ZJ
XB

YOB = field evaluation point
ZOB
ZB I

ZP w coordinates of the field evaluation point, a or p 2in a

cylindrical coordinate system centered on the source segment.

CONSTAN4TS

0.5001 a fraction of segment length used to test whether the field

evaluation point falls within a segment

0.9 a fraction of segment radius used to test whether the field

evaluation point falls within a segment
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i SUBROUTINE NHFLD (XOB,Y08,709,Ht,HY,,HZ) NH I
20NH 2

.5 C NillFt D COMPLiT[rc Tiff Ni AR ri ELD Al SPECIFIEDi POINTS IN SPACE Aml R NH 3
4 IHI '.TRUt'fltSL CUPRrNItL HAVE AFIN COMPUTED. NH 4

6 ~COMPLFX HXHY,H2,CURACX SUCxCCX,LXK,EYKEZ9(,LXS.EYS.EZSCXC.EYCC NH

12 COMO /RN/ 1 (300),ALPI0B I(300).IOIR(300).IZZ(OO)CI(300).ITG30ýCONX(3 NH 12

13 1),CUR(gO0) NH 15
14 COMMON /DAIAJ/ S,B,XJ,YJ,ZjCASJSABJ4SALPN.EXK,EYK,EZK,EXB,EY5,E2 NH 14
15 IS,EXC,EYC,EZC,RtXH,IEXK.IND1,ZND2,IPONO NH 15
16 DIMENSION CABCI), SAB(l) NH ill
17 DIMENSION TiX(l), TlY(l), TIZ(1), T2X(1), T2Y(I). T2Z(1), XS(l). Y NH 17
IS IS(l). ZS(1 ) NH 16
19 EQUIVALENCE (TIX.Sr), (TiY,ALP), (TIZICT), (T2X.ICON¶), (T2Y,ICON NH 19
20 12), (T2Z,ITAO), (XS,X), (YS,Y), (211,Z) NH 20
21 EQUIVALENCE (TiXJ.CA9J), (TIYJISABJ), (TIZJ,SALPJ), (T2XJ.I), (T2Y NH 21
22 IJ.INDI). (T22JIN02) NH 22
23 EQUIVALENCE (CAIALP), (SA9,9ET) NH 23
24 HXw(0.,O.) NH 24
25 HYz(0.,0.) H2

26 HZw(O.,O) NH 25
27 AXUD NH 27
25 IF (NEQOO) 00 TO 4 NH 28

29 DO 1 IluiN NH 29
s0 XJNXOB-X(I) NH 410
31 YJmv'oI-Y(I) NH 31

33 ZPuCA9(I)*Xj+SAB(I)SYJ+SALP(I)OZJ NH 33
34 IF (A9S(ZP)OGT,0.5001SI(l)) G0 TO 1 NH 34

35 ZPE.JXJ+YYJ*YJZJOZJ-ZPIZP NH 35

36 XJNBI(I) NH 36

37 IF (ZP0T0,O9*XJ*XJ) GO TO I NHi 37
38 AXSXJ NH 38

39 GO0TO2 NH 39
40 1 CONTINUE fi AC

41 2 DO 3 I71,N NH 41

42 SusICI) NH 42,
A3 8=81(l) NH 40

44 xjz:kuil) NH 4A

45 yjcy(I) NH 45
46 2J=Z(I) H~46

4' CABJ=CAB(l) N447

48 SA6JuSAB(I) NH 48

A9 SALPFZSALPII) NH 49

52 CALL HSFL(; :k0B9ý09.ZOAX) NH 50
51 ACX=CMRL~lAIR(I),hII( I') NH 51

52 9ACP91(),I.))NH 52

.53 CCX=CMPLX(CIR(I),Clic 1)) NH 5

54 HX=HX+EXKACv+EXSBCX+EXCOCCX NH 54
55 HYBHYEYkACx+YS09CxEYCOCCX NH 55

56 3 HZ=HZAEZk'AC.x.EZS9CX+EZCOCCX( NH 56
ýl IF (r. RETURN NH 57

514 4 JC=tJ NoH 58
JL~r~*NH 59

DO' b :M Wo 6 0
NH 61

62 =61.LlNH 62
6; X =ý','L)NH 63
64 y jNH 6A

-263-



flhFLD

45 ZJmZ(JL) NH 65
Go TIXJuTIX(JL) NH 66
67 T1YJnTIY(JL) NH 67
6o TiZJmTIZ(JL) NH 68
69 72XJnT2X(.JL) NH 69
70 72YJuY2Y(JL) NH 70
71 T2ZJnY2Z(JL) NH 71
72 CALL HINTO (XOB.YOU.ZOI) MH 72
73 JC&JC+3 NH 73
74 ACXErIXJSCUR(JC-2).TIYJSCUR(JC-l)+TiZJSCUR( JC) NH 74
75 3CXuT2XJ*CUR(JC-2)I+T2YJ*CUR(JC-1)+T2ZJ*CUR(CJC) NH 75
76 HX.nX+ACX$EXK+UCXOEXS NH76
77 HYuNY+ACX$EYK+ICXOCYS NH 77
76 5 HZuHZACX*C7KI(4CX*CZS NH 78
79 RETURN NN 79
so END NH. 80-
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PATCH

PATCH (entry UIJBPH)

a PPURPOSI

To generate patch data for surfaces.

HMTHOD

The code from PAl4 toPA129 genrerates dste for a single new patch or

multiple patches. There are four options for defining a •nigle patch, as

illustrated in Figure 5 of Part IllI. For a single patch, NX is zero and NY is

NS + I whore NS is the parameter from the SP input card and is shown on

Sigurv 5. Rectangulaer, 'triangular or quid t,100 re ' paacass Are defined by the

coordinates of three or four corner# in the parameters Kl though .4. In the

arbitrary shape option (Figure UA in Part III) the conter-of khe"patch is X1,

Yl, ZI; u is X2; A is Y24 and. the area is Z2, The patch dota i's stored in

COMMON/DATA/ from the top of the arrays downwai'd (see Section lit).

.The code from PA131 to Pr190 divide a, patch into four patches and is

used when a wird connects to a patch. If NY is equal to sero.the patch NX is

divided into four patches that become patches 1X througli NX + 3. Patches

following NX are shifted in the arrays in GOIMtON/DATA/ to leave space for the

O three additional patches. If NY is greater than zero, patch N( kis left in the

arrays but four neo patches to replace it are added to the end of the arrays.

The z :oordinate of patch NX is then changed tn 10,000 At PA189.

SYMBOL DICTIONARY

HI a array index for patch data

MIA - array index for patch data

NTP - patch type (NY for a sirgle patch)

NX - zero for a single patch. For multiple patches NX is

4efined in Figure 6 of Part 1t.1, After ENTRY SUWPK, NX

is the number of the patch to be divided

S1X, SlY, SIZ a vector from corner I to corner 2

S2X, 62Y, S2Z a vector from corner 2 to corner 3

LIN a +1 from array SALP

SALPN - factor in computing center of mas& of quadrilateral

S
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XA x IS 1 K 521 , area of rectangle or twice area of
triangle (PA53)

XN2, YN2, ZN2 r n3 x ;4 at PA79 to PAdl. Line PAd9 checks that tne

four corners are coplanar by the test

52)9 id(i3 x i~i R i~l 183 x i4, I 0.9998
XNV, YNV, ZNV a unit vector normal to the patch at PA54 to PA56

XS, YS, ZS E pitch center at PA1SI to PAI$3

XST " 111 x 121 at PA57

CONSTANTS

0.99id cos(l.*) in'test for planar patch
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I SUBROUTINE PATCH (N) ,N',4KI ,Y .21 ,X24.Y2,.2X3.Y3,23,X4,Y4,,"4) PA I
2 C PATCH 0ENERATES AND 40"D",IE ATCH GEOME1TRY DATA PA 2
3 COMMON /DATA/ LD.NI,N2,N,NP,MIýM2.M.MP,X(300),Y(300),2(300),51(300 PA 3
4 1 ),91(30O),ALP(3OO).SET(50Q).ICONI(300O)4CON2(30O,),ITAG(300)4ICc.NX( PA 4
5 2300) ,WLAM,IPSYM IPA 6
6 COMMON /ANrGL/ SALP(300) PA a

7 TIM~NSION llX(l), 11Y(l), 712(1), 12X(i), T2Y(I), 722(1) PA 4,
A FOUIVALrNCL (11X,¶il), (lIY,ALl'),%(Tll~lr.T), (12KTCONi), (72Y,1061 PA A

9 12). (T2ZITAO) V'A i
10 C NEW PATCHES. FOR NXuO, NYml,2,3.4 PAtCH IS (RSPECIVELY) Pik to
11 C ANIXTRARY, RECTAOULAR, TRIANGULAR, OR QUAORILATERAL.ý PA it
12 C FOR NX AND NY .0T. 0 A RECTANGULAR SURFACE 13 PRODUCED WITH PA 12
13 C NX BY NY RECTANGULAR PATCHES, PA ý13
14 Mw4'l PA 14
is MlwLD+1-M PA 15
16 NINuNY PA 16
17 ir (NX.GT.O) NTPu2 PA 17
is IF (NTP.GT.I) 00 TO 2 PA is
10 X(MI)uXl PA 12
20 Y(MT)Eyi PA 20
21 Z(MZ)mZi PA 21
22 IT(MrUN22 PA 22
23 ZNVxCOS(X2) PA .23
24 XN~uZNV$COS(Y2).PA2
25 YNVmZNV*SXN(.Y2) pit 2M
26 ZNV.SIN(X2) PA 2
27 XASSORT(XNVOXNV4.YNVOYNV) PA 27
28 IF (XALT.i1E-6) GO TO I PA 28
20 YIX(Ml)=-YNV/XA PA 29
30 TIY(MI)OXNV/XA PA 30
31 TlZ(M!)wO. PA V1
12 00108O PA 32
33 1 TIX(Ml)ul. PA 33
34 TIY(MZ)uO. PA 34
35 TIZ(Ml)x.0 PA 3.5
36 00 106a PA 38
37 2 SlXZX2-Xl PA 37
38 SIYWY2-yi PA 38
39 SlZvZ2-Z1 PA 39
40 S2XuX3-X2 PA 40
41 S2ru'Y3-Y2 PA 41
42 S22s23-Z2 PA 42
43 IF (Nx,EO 0) (10 TO' 3 PA 43
44 SIX=519'Nx PA 44
45 S.1rmS1V/Nx PA 45
46 S12g!SIZ/IJE PA 46

4. 5'XrS2X/NlY PA 47
48 S2Y=52Y/NY PA 48

49 e,22nS2Z,/NY PA 49
50l 3 gl4VnIY652Z-SlZ*S2f PA 50
51, YNVmSIZ$S2X-SlX*S2Z PA 51
52 ZNVuSlX*S2Y-SiY*S2W PA 52
53 XA=SQRT(XNV'XNV+YNYOYNv+Z"NVZNV) PA 63
54 XNVzXNV/XA PA 54
55 YNV=YNV,/XA PA 55
56 ZNV4ZNV,/XA PA Nj6
57 XST=SoRT(SIXeSKX4-SýS1i'tSSSZ*S1Z) PA 57
58 Tlk(ml)'rS¶X/XSI PA 58
5Q llý(m2)ws1y/WS PA 59

6C TlZ(mI'jz51Z/WS PA 60
IF i.N¶P.GT.2) 00 TO 4 Pk 61

6: kLI)zvi+ 5*( SI x**5) FA 62

~0 64(ki &'1 S!iS PA 64
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05 eI(mZ)MXA PA 66
as ^O TO 6 PA 88
67 4 IF (NTP.CO.4) 00 TO 5 PA 87
68 X(IiI)N(XI+X2.X3)/S. PA 6A69 Y(MZ)w(YI+Y2.,Y3)/3, PA of70 Zu)(1z*)/.PA 70
71 II(Ml)w.S*XA PA 71
72 00 TOO6 PA 72
73 5 SIXwX3,-X1 PA 73
74 S1YmY3-Y1 PA 74
75 512.23-li PA 75
76 32)(0441I PA 78
77 S2YuY4-Yi PA 77
78 VN224-21 PA 76
79 XN2Sik Y$U2Z-S12s52y PA 70
so YN2US1Z4s2X-SIX&S2Z PA 30
$I ZN~uixS1*2V..SIY$S2X PA 81
£2 XSTiiSORT(XN24XN24YN24YNZ.Z-NZS2ZN2) PA 62
83 SALPN i./(3.*(XA*XST))' PA 53
84 X(i:X*X+2X)XS6X+3X)OAO PA 34
65 Y(Mz~m(XA*( ý1i'2+Y3 )4X$T$(YI4.Y31.Y4))OSALPN PA 8s
Be Z(hEZ ) (XAS ZI+Z2+Z5 +XST*(Z14.23+Z4))*1SLPN PA 86
87 *I(M2)m.5*(XA+XSt) PA 87
as $1Xu(XNVeXN2+YNeYYN2.ZNVeZN2)/X5T PA 88
8o Ir(1XT.OI 00 TO 6 PA 89
t0 PRINT 14 PA 90
91 STOP PA 91
02 6 T2X (h$):YNV:TIZ(M1 ) ZNVSTIY(WI) PA 92
93 T2Y WMI) .ZNV TIX MZ ) XNVSTiZ(14) PA g3
94 T2Z(Ml)UMVSi (I)-YNVOTIX(MZ) PA DA
.95 SALP(MI)MI, PA 95
96 IT (NX.10.0) 00 TO a PA 90
97 MuN4+NX$NY-1 PA 97
go XN2mX(W1).41X-S2X PA t8
to YN2vY(h41)-SIY-52Y PA 990100 2N2mZ(MI)-S1Z-52Z PA 100

101 XSNTlX(MI) PA 101
102 YSmTIY(kdI) PA 102
103 ZS*TIZ(MZ) PA 103
104 XTmT2X(MI) PA 104
105 YTuT2Y(MI) PA 105
106 2TmT22(ml) PA 106
107 MZ.mY+I PA 107
108 D0 7 Ivrvl,NY PA 108
log XN2mXN2tS2X PA 109
110 YN2nYN2+S2Y PA 110
III ZN2nZN2+S2Z PA II
112 00 7 ZX~iNX PA 112
113 XSTMIX PA 113
114 MIMMI-1 PA IIA
115 X(mI)=kN2+XST*5IX PA 115
116 Y(M1)wYN2+XST*S1'r PA 116
117 Z(MI)mZN2+XST$SI¶ PA. W1
lie DI(MI)%XA PA 118
119 SALP(N42)n1 PA 119
120 YIX(M!)UXS PA 120
121 TIY(Mz).ys PA 121
122 TIZ(Ml)sZS PA 122
123 T2X(Ml)=X! PA 123
¶24 72Y(N4I)=YT PA 1?A
125 7 T2Z(Ml)uzT PA 125
126 8 IPSYM=0 PA 126
12-P NP--N PA 127
128 a kpxm PA 128
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129 RETURN PA12g
¶30 C DIVIDE PATCH FOR WIRE CONNECTION PA 130
131 ENTRY SU9PH(NX,tJY,X1,Y1,Z1,X2,Y2,Z2,X3,Y3,ZS.X4,Y4Z74) PA 131

132 IF (NY.CT-0) 00 TO 10 PA 132S133 IF (NXCOQh4) 00 TO 10 PA 133
134 NXPwNX+1 PA 134
135 IXNuLO-M PA 135
138 00 1 IYwNXP,W PA 134
137 IXuIX+1 PA 137
138 NYPwIX-3 PA 138
139 X(NYP)=X(IX) PA 139

140 Y (NYP):Y(ZX) PA 140
141 Z (NYP) Z(IX) PA 141

142 3I(NYP).9Z(IX) PA 142
143 SALP(NYP)wSALP(IX) PA 143
144 TiX(NYP)m7IX(?X) PA 144
146 71Y(NYP)mTIY(:X) PA 145

146 TiZ(NYP)nTIZ(IX) PA 146
1147. 12X(NYP)nT2X(IX) PA 147
148 T2Y(NYP).T2Y(IX) FA 145
140 9 T72Z(NYP).T2Z(IX) PA 149
150 10 MILD+i-NX PA 150
151 Xsux(mI) PA 151

1152 Ysay(MI) PA 132
153 2SKZ(mI) PA 153
154 XA&DI(MZ)0.25 PA 154

155 XSTNSQRT'(XA)$.5 PA 153
¶5e SlXwTlX(MI) PA 156

157 SiYwTlY(MI) PA 157

158 51ZwTIZ(MZl¶ PA 158

159 S2X.T2(MI) PA 159

¶S0 W2YT2Y(11) PA 100

¶61 S2ZmT2Z(MI) PA 161
162 SALNuSAP(MI) PA 182

163 XTUXST PA 16
164 YTaXST PA 164

lob IF (NY.OT 0) 00 TO ii PA 165

186 MIAOMI PA 166

107 00 TO 12 PA 167

168 II MmIm+1 PA 168

log mPwmP+i PA 169

170 MIA=LD+1-M PA 170

171 12 DO 13 IXml,4 PA 171

1' (MIA)=S+XT*SIX+YT*S2X PA 172

173 Y(MIA)=Y5+XT*SiY+YT*S2Y PA 173

174 2(MIA)=,ZS+XT6SlZ*Y1AS27 PA 174

175 BI(MIA)uXA PA 1'15

176 7iXCMIA)=51X PA 176

17" TiY(MIA)wSly PA 177

1? TIZkMIA):-51Z PA 176

19 T2X(MIA)cS2X PA 179

.180 12Y(MIA)ES2Y PA ¶80

181 12Z(MIA)=32Z PA 181

182 SALP(MIA)=5ALN PA 157

183 IF (Ix.EO.2) YT=-YT PA 183
164 Ir (IX.EO. I OR,IX.EC.3) XTm-XT PA 184

lab MIA=MIA -1 PA 185
IF6 13 CON TI Nu E PA 186

187 M=M+3 PA 187

188 IF (NX.LEMP) MP=MP+3 PA 146

189 IF (NYGT .0) Z(MI)=lOO00 PA 189

go0 RETURN PA 190

1 91 C 
PA 191

92 14 FORM.AT (62H ERROP -- CORNERS OF QUADRILATERAL PATCH DO NOT LIE IN PA 192
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193 IA PLANE) PA 193
194 END PA 194-
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PC I INT

PURVOSE,
TUo ,on•pute the JnteraLtion mAtr i e1emenr.s represet:tia• thQe ol',t Jriv

I luid, ,•L|illlL.t L0 a segment cunnected to r surface, dote eto Lhe vurrt nL on the1

iour .patches around the connection point,

MTHOrD

The four patches at the base of a connected wire are located as shown

An figure.,31 with respect to the vectors 1 and w 2' vhert patch numbers

indicate 0he order of the patches in the data arrays. The position of a point

on the surface is defined by + (Sl,S 2 ) , t + S2twhere "0 is the

position of the center f the four patches Wihere the wire connects, and SI

and S2 are coordinates measured from the center. The current over the surface

is represented by S(SDS 2 ), the currents at the centers of the four patches

are

J � ,J(d,d)

J12 J(-d,d)

S3 J'(-d,-d)

S4 J(d,-d)

and the current zr the base of the megment, flowing onto the surface, is 10.

The current iriterpolzition function is then

".(ss 2) JOIN T(Ss 2  - g1 (Si,S ) -T1 1 + I g (S

wherc.

S1t3 + S2it2f(s5' s2 ) " ) 2
21i(S 2 + 52

f T(d d) (t + t,)/(4'd)

f2 f(-d,•d (-t 1  + t,),/(-.rd)

f f" -d,-d - - t.)/(4ird)
3

f • id,-d) 0- *,- L )/(41d)
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03 02

t2

4, 1 d.

Figure 10. Patches at a WVe
Connection Point.

g1 (S1 ,S 2 ) - (d + S )(d + S2)/(4d 2 )

_2 (S1 ,S 2 ) - (d - S1 )(d + S2 )/(4d2)

63 (S ,1 2 ) - (d - Sl)(d - S2 )/(4d2 )

94(S1 S 2 ) - (4 + Sl)d- S 2)/(4d
2 )

if tl(T)dA and F2 (')hdA are the electric fields at the center of the

connected segment due to unit currents at T on the surface dA, flowiz:g in the
A A

directions t and t 2  respectively, the nine matrix elements to be computed

E 1 f f 8 1(',s12) . r17(T)dA!S

E3 - j 3 (S19S.2 ) I • r-W(p)dA
S

E 3 - fsg3(SIPS 2 ) .. pldA

E5 0 Jsgl(S's 2 ) i 2
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E J6 - g2 (S91S 2 ) 1 , f 2 (P)dA

E7  f g3 (S1 ,S 2 ) i • r 2 (P)dA

S  Ih(sl s 2) . ] + [h(SS 2) 2]

i _f2dA

where

4
•(s•,s2) 1 7ss2) - • gi(s1~s 2)T1

h(S11 2  f(S ,S(

A

and where i - the unit vector in the direction of the connected segment.

The integration is over the total area of the four patches and is per-

formed by numerical quadrature. The number of increments in S, and S2 used

V in integration is set by the variable NINT. When PCINT in called, the

parameters in COHMON/DATAJ/ have the values for the first connected patch.

During integration, these parameters are set for each integration patch. At

the end of PCINT, they are reset to their original values.

SYMBOL DICT1ONARY

CABI - x component of i

D -d

DA * area of the surface element, used in integration

DS - width of the surface element of area DA

E - array used to return the values E,, E2, ... , E9

EX~j - x, y, and z components of •I(p)DA at PC50; at PC51, EXK is set

EYK
I to 1. F (r)DA•ZKJ

1Y = x, y, and components of P2 (p)DA at PC5O; at PC52, EXS isso

.'S2EZS I t• " 1 7 2 ( )DA-2 

3
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E 2
E3 "E 3

E8 4 E

Z6 mE

E7 L

•'2 -•( l • " ,,, '?CON I /(40d), factor in (,"2,..

P1 hl(S,,S 2) *ti
P2 T 1(S6,S2 ) t2
GCON */ /(4d 2) f'!tctor in g(

Gi 91(s S11

G2 g(S 1, 2

G3 23(S l'2)

04 R •4 (S ,92 )

I1 - DO loop inlx

12 DO loop index
NINT a number of steps in S1 and S3 used in approximating the integrals

for E 1 ' E2 0 '"'1 19
S w area of each of the four patches at PCII; area of the surface

element used in integration at PC20
A

SABI " y component of I
A

SALPI - z component of ±

S1 - S 1

S2 -S 2

S2X • initial value of S2

TPI , 21

T1XJj x1 y
TIYJ * x, y, and z components of t
TILTI

T2XJ

72YJ - x, a, cnd z components of 2
72 ZJ

"w x coordinate of the center of the connected segment
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yjJ center of first patch above PC41; center of integration element

below PC41

XS x component of P(S ,S2)

XSS = initial x coordinate of p(S 1 ,S2 )

xxJl
XYJ * initial value of XJ, YJ, ZJ saved

Xzj
Xl x component of p(dd) used as reference for computing P(SlS 2 )

YI -y coordinate of the center of the connected segment

YS y component of p(S 1 1 S2 )

YSS - initial y component of 5(S 1 ,S 2 )

Yl - y component of F(d,d)

zi w z coordinate of the center of the connected segment

ZS a z component of T( s,2)

ZSS a initial z component of (S2

Zi - z component of p(d,d)
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1 SUBROUTINE PCINT (XI.YI,ZI.CABISABISALPI.C) PC
2 C INTEGRATE OVER PATCHES AT WIRE CONNECTION POINT PC 2
3 COMPLEX EXt(,EYK.EZK,EXS,EYS.EZS,EXC,EYC,EZC.EI.EC.2.C3.E4,E5,C6,E7 PC 3

5 COMMON /DATAJ/ C,.IXJ,YJZJ,CAUJ,5ABJ,!ALPJ.CXI(,EYKOIZK,CXSCYS Cl PC 5,SE P
6 IS,EXCICYCEZC,RKH,IEXK,IN01,1ND2.IPONO PC 6
7 DIMENSION E(9) PC 7
m LOUIiVALNCE, (ItXJCARJ), (TtYJ,SAPJ). (TIZJSALPJ). (12XJ.B). (T2Y PC 8I
9 14,INDI), (T21J,zND2) PC 9
10 DATA TPI/6.283I8S50S/,Nfl4T/I0/ PC io
11 DuSQRT(S)6.5 PC 11
12 DSn4.$D/FLOAT(NINT) PC 12
13 DAwDS*DS PC 13
14 GCONwI./S PC 14
15 FCONni./(2.*TPI*D) PC Is
le xxJuxj PC I.
17 XYJNYJ PC 17
1s XZJmZ~J PC Is
19 XSES PC 19
20 SuDA PC 20
21 S1.0+DS*,5 PC 21
22 X$SmXJ+SIO(TIXJ+T2XJ) PC 22
23 YSS*YJ+SiO(TIYJ.T2YJ) PC 23
24 ZSSzZJ+S1O(TIZJ+T2ZJ) PC 24
25 S1*SI*D PC 25
26 S2X.Si PC 26
27 Ein(O.10O) PC 27
25 E2=(0,60.) PC 28
20 ESm(0.00.) PC 29
30 94=(O..O.) PC 30
31 E5=(O..O.) PC 31
32 Esm(O'.0.) PC 32
33 E7w(O.10.) PC 33
34 CIo.(O.) PC 34
35 Egm(0.,D.) PC 35
35 00 1 11.1 ININT PC 36
37 SIMSI-oS PC 37
38 S2mS2X PC 38
39 XbS-;XSS-DS*TlXJ PC 39
40 YSSuYSS-DS*T IYJ PC 40
41 ZSS=ZSS-DS$TIZJ PC 4l
42 XJ.XSS PC 42
43 YJ:YSS PC 43
44 ZJ4Zss PC 44
45 00 1 I2ul ,NINT PC 45
46 S2=52-DS PC 46
47 XJ=XJ-DS*72XJ PC 41
48 YJ=YJ-DS472YJ PC 48
49 ZJmZJ-DS6T2ZJ PC 49
50 CALL UNERE (XI.YI,21) PC 50
51 EXK=EXK*CABIqCYKOSA81+EZK*SALPI PC 51
52 EXS=EXS3CABI+EYSOSABIeEZS$SALPI PC 52
53 Gic(D.S1)O(D+S2)$GCO1N PC 53
54 G2.(D-S1)0(D+S2)"GCON PC 54
55 G3=(D-SI)*(D-S2)$GCON PC 55
56 G4n(D+Si)$(D-52)*GCON PC 56
57 F2=(Sl$SSIS2*S2)*TPI PC 57
58 Fl=S1/F2-(Oi-G2-03+G4)$FCON PC 58
59 F2=52/F2-(014.02.-03-04)*rCON~ PC 59
60 EI=EI+EXKOG1 PC 60
al E2nE2+EXK$G2 PC 61
62 E3uE3+CEK*03 PC 62
63 E4=E4+EXKOG4 PC 63

64 E5=E5+EXSOG1 PC 64

-276-



PCI NT

65 EGwE+EXSCG2 PC 65
66 EIOEI4EXSOO3 PC 66

67 EstS+EXSOG4 PC 67
681 gtg+EXKGFl4EX(SIF2 PC 68

69 E()NEIPC 69
70 r2o PC 70
/ P1 E(3)sE3 PC 11
72 t(4)wE4 PC 72
73 E(S)MCS PC 73
74 E(G)u16 PC 74
75 1(7)m[7 PC 75
76 c(S).ES PC7
77 [$MIPC 77
76 XJxXXJ PC 75
79 YJMXYJ PC 70
so ZJMXZJ PC so
a1 SNXS PC al
82 RETURN PC 52
83 END PC 53-
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PRNT

PURPOSE

To set up the formats for printing a record of three integers, six

1I'flt ing point nui,'r, nnd n 1Iol r1th HtrWifA, where the varinbiem eu(ial Lto

zero are replaced by blanks. This routine is used by LOAD in printing the

impedance data table.

METHOD

A variable format is used to generate the record with arbitrary blank

fill. Elements of the format are picked from the array IFORM in the DATA

statement. Through IF statements operating on the subroutine input quantities.

this routine chooses the desired format elements and builds the format in the

array IVAR. The program in divided into two sections: the first builds the

integer part of the format and the second the floating point part.

SYMBOL DICTIONARY

ABS a external routine (absolute value)

FL - elements of this array are set equal to the floating point input

quantities FLl - FL6

FLT - array of non-zero floating point input quantities to be printed

FLI

FL2

FL3 - input floating point quantitieq

FL4

FL5

FL6

HALL - 4H ALL (Hollerith ALL)

I - D)O loop index

lA - input Hollerith string (array)

ICHAR - number of characters in the input Hollerith string

IFORM w array containing format elements

IN - array set equal to input integer quantities (INI - IN3)

INT a non-zero integer quantities to be printed

IN 1I1N2 - input integer quanta, ies

I N 3'

IVAR m variable format arrs?
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*11 DO loop limit

- implied DO loop index

K a index parameter

L - implied DO loop index

NCPW n number of Hollerith characters per computer word

NFLT a floating point print index, number of non-zero reals

NINT a integer print index; number of non-serovintegern

NWORDS wnumber of computer words in the input Hollerith string
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I SUBROUTINE PRNT (INI.1N2,INS.FLI.FL2,rL3,rL4,rL5,FLS,!A,ICHARI PR i
2 C PR 2
3 C PRNT SETS UP THE PRINT FORMATS FOR IMPEDANCE LOADING PR 3
4 C PR 4 S
S DIMENSION IVAR(13). IA~l). JrOPM(8), IH(3), INT(3), rL(e), fLI(6) PP
6 INTEGER HALL PR 6
7 DATA IFORM/5H(/3X,,3H15,,3HSX,,3HA5,,6HEt3.4,,4H13X,,3H3X,,5H2A¶O) PR~ 7
& I/ PR a
2 C PR 9
10 C NUMBER or CHARACTERS PER COMPUTER WOVRD IS NCPW PR ¶0
Itic PR li
12 DATA NCPW/1O/,HALL/4H ALL/ PR 12
13 WIOR0So(ICHAR-1 )/NCPW+i PRt 13
14 IN(i)nINl PR 14
15 XN(2)nZN2 PR 15
Is IN(3)*ZN3 PR IS
17 FL(I)=FLI PR 17
is FL(2)uFL2 PR is
19 FL(3)aF13 PR 19
20 rL(4)mfL4 PR 20
21 FL(5)nfLS PR 21
22 FL(6)mFL5 PR 22
23 C PR 23
24 C INTEGER FORMAT PR 24
25 C PR 25
26 NZNTmO PR 26
27 ZVAR(i)mIFORM(1) PR 27
28 Kai PR 28
29 11.1 PR 29
30 Ir (.NoT.(ZN¶.CQ.o.AND.1N2c.CQo.ANo.ZN3.co.o)) 00 TO I PR 30
31 INT(1)WNALL PR 31
32 NINTal PR 32
33 1um2 PR 33
34 KuK+1 PR 34

35 vAR(K)*Ir0R11 (4) PR 35 0
36 1 DO 3 lul1,3 PR 36
37 KUK+1 PR 37
38 IF (IN(Z).EQ.0) GO TO 2 PR 38
39 NINTwNINT+l PR 39
40 ZNT(NZNT)wIN(I) PR 40
41 IVAR(K)*IFORM(2) PR 41
42 00 T03 PR 42
43 2 IVAR(K)=IFORM(3) PR 43
44 3 CONTINUE PR 44

45 K=V,41 PR 45
45 IVAR(K)uIFORM(7) PR 46
47 C PR 47
45 C FLOATING POINT FORMAT PR 48
49 C PR 49
50 WrLTwO PR SO
51 DO 5 10.16 PR 51
52 KmK+1 PR 52
53 IF (AUS(FL(I)).LT.IE-20) GO TO A PR 53
54 NFLTwNFL7+1 PR 54
55 FLT(NFLT)=FL(I) PR 55
56 IVAR(K)=IFORM(S) PR 56
57 GO0TO5 PR 57
so 4 IVARCK)=IFORM(G) PR 58
59 5 CONTINUE PR 59
60 Ka*<.I Pp 60
61 IVAR(K)vIFORM(7) PR 61
61, KmK~1 PP 62
03 IVAR(K)zIFORM(l) PP 63

64 PRINT IVA.R, (INT(I),Iu1,NINT),CFLT(J),Jul,NFLT),(IA(L),LUINWORDS) PR 64 I
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65 RETURN PR 65
66 END PR 66-
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QDSRC

PtJHI'OSI4

To fill the excitation array for a current slope discontinuity voltage

source.

HFITMOD

The current slope discontinuity voltage source Ia described in section

IV-1 of Part I.

CODING
QD22 - QD25 The connection number for end 1 of segment IS is temporarily

set to 0, and TBF is called to generate the function f*(s)

for £ - IS. The zero in the second argument of TBF causes

f* to go to zero at the first end of segment IS rather

than the usual non-zero value that allows for current

flowing onto the wire end cap.

QD26 - QD31 Ok is computed and other quantities set.

QD32 - QD119 This loop computes the fields due to each segment on which

f* is non-zero.

QD33 - QD77 Parameters of the source segment are stored in COMMON/

DATAJ/. Flags for the extended thin wire approximation

are set as in routine CMSET.

QD78 - QD91 This loop evaluates the electric field on each segment.

QD95 - QDl16 This loop evaluates the magnetic field at each patch.

SYMBOL DICTIONARY

Al - radius of segment on which field is evaluated.

CABI - x component of unit vector in the direction of segment I

ccJ - CCJX - -j/60

CURD w Bk

E - array of segment and patch excitation fields

ETC - E field tangent to a segment or H field components on a patch

ETK due to cosine, constant, and sine current components,

ETS respectively, on a segment

11 - array index for patch excitation

1.3 -flag which, if zero, indicates that the field is being evaluated

on the source segment

-282-



QDSRC

IPR - temporary storage of connection number

IS - segment which has the source location on end 1

3 w source segment number

SABI a y component of unit vector in the direction of segment I

TIX'

TlY

TlZ a arrays of components of t1 and A2 for patches
T2X1 2

T2Y

T2Z

TP - 21

TZ

V - source voltage

XII w coordinates of point where field is evaluated; X1 is also

YI used in the test for the extended thin wire approximation

ZI for the electric field

CONSTANTS

0.01666666667 - 1/60

0.999999 - minimum XI for the extended thin wire approximation

(maximum angle a 0.08 degrees)

6,283185308 - 27
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I SUBROUTINE QDSRC (Is,V,E) 00 1
2 C FILL INCIDENT FIELD ARRAY FOR CHARGE DISCONTINUITY VOLTAGE SOURCE QOD 2
3 COMPLEX QODS.CURD.CCJ ,VCXKEYgKEZK.EXSCYS.EZS.EXC.EYC EZC,ETKET OD 3
4 15,ETCYSANT,VQO,E,ZARRAY 00 4
5 COMMON /DATA/ LO.N1.N2.N.NP.Mi.M2,M.MP.X(300),Y(300).2(300),Sz(300 00 5
6 1).UI(300),ALP(300),SCT(300),ICONI(300),XCON2(300),ITAO(300),ICONX( 00 6
7 2300) ,WLAM,IPSYM 00 7
a COMMON /VSORC/ vQO(3o).VSANT(3o),YODS(30),zVOo(30),ISANT(3o),IQos( 00 1
9 130),NVQD,NSANT,NQDS QOD 9

t0 COMMON /SEGJ/ AX(30),BX(30),CX(30),JCO(.30),JSNO,ZSCON(SO),NSCONZP 00 10
It ICON(iO)*NPCON OD 11
12 COMMON /OATAJ/ S,9,XJYJZJ,CAUJ,5ANaJSALPJEXKEYK.EZKCXS.CYSEZ 00 12
13 1S,CXC,EYC,EZC,RKH,ICXK.IN01 ,1N02,IPONO 00 13
14 COMMON /ANOL/ SALP(300) QD 14
is COMMON /ZLOAO/ ZARRAY(300) ,NLOAD,NLOOF 00 Is
16 DIMENSION CCJX(2). ECl), CAI(l), SAI(l) 00 15
17 DIMENSION TIX(t). TIY(l). T1Z(i), Y2X(1), T2Y(l). T22(i) 00 17
18 EQUIVALENCE (CCJ,CCJX), (CAI,ALP), (SAS1,UET) 00 16
I, EQUIVALENCE (TIX.SI). (TIy,ALP), (T1ZIIT), (T2X,ZCOt41), (T2Y,IcON 00 19
20 12). (T22,ITAG) 00 20
21 DATA TP/6.253185308/,CCJX/O. ,-.01666666667/ 00 21
22 ImICONl(IS) 00 22
23 1CONi(IS)z0 00 23
24 CALL TSF (IS,0) 00 24
25 ICONI(IS)mI 00 25
26 SMSl(IS)*.s 00 26
27 CURD.CCJ*V/((ALOG(2'5S/DZ(ZS))-l.)*(SX(JSNO)SCOS(TP.S)+CX(JSNO).SI 00 27
28 IN(TPOS))OWLAM) 00 28
29 NOOSuNQOS4'1 00 29
30 VQDS(NQDs)wV O0 30
31 IQOS(NODS)RIS 00 31
32 00 20 JXuIJSNO 0D 32
33 J.jCO(.JX) 00 33
34 SESI(J) 00 34
35 BUBI(J) 00 35
37 ixj 00 3
37 ZJ*Z(J) 00 38

39 CAIJ=CAD(J) 00 39
40 SAIJUSAB(J) OD 40
41 SALPJPSALP(J) OD 41
42 IF (IEXK.EQ.O) GO TO 16 00 42
43 IPRwIC0Ni(J) 00 43
44 IF (IPR) 1,6.2 0D 44
45 1 IPR=-IPR 00 45
46 IF (-ICON1(IPR).NC.J) 0O TO 7 00 46
47 GO TO 4 00 47
48 2 IF (IPR.NE.J) 0O TO 3 00 48
49 IF (CABJ$CABJ+SA8J*SA8J.GT,1 *C-8) 00 T0 7 O0 49
so 0070O5 00 so
51 3 IF (ICON2(IPR).NEýJ) 00 TO 7 00 51
52 4 XImABS(CASJ$CA9(IPR)+SA9J*SA9(IPR)*5ALPJ*SALP(IPR)) 00 52
53 IF (XILT.0.999909) G0 TO 7 00 53
54 IF (A9S(BI(IPR)/6-l.).GT¶.E.-6) 00 TO 7 00 54
55 5 INOI=O OD 55
56 GO TOB 00O 56
57" 6 INDW= OD 57
58 00 T08 00 5B
59 7 IND1=2 00 so
60 6 IPR=ICON2(J) O0 60
6' IF (IFIR) 9,14.10 00 61
62 9 IPR=-IPR 00 62
63 IF (-ICON2CIPP).NE.J) G0 TO 15 O0 63
64 GO TO 12 00 54

-284-



QIDSRC

65 10 TF (IPR.NC.J) GO TO 11 00 65
66 IF (CAB9JCA9J.SAbJ*ASAJ GTA 1E-8) G0 TO 15 OD 66

67l GO TO 13 00 67
Ii 1 IF (IC0Ni(IPRyNE.J) CO TO 15 00 68S0 IF (XI.LT.0.299g99) 00 TO 15 TOD0 7D

6912 XIF ASS(CAJA(1PR)/9 SAD.GTi*SUZP)SAP.SL(Z) 00 6915OD7

72 13 IN02u0 OD 72
73 00 TO Is 0D 73
74 14 IND2mI 00 74
75 0001 00IsQ 75
76 15 IN02m2 00 76
77 16 CONTINUE 00 77
7$ DO 17 1m.1W 00 76
79 IJatI-J 00 79
so XINX(l) 00 80
a1 YISY(I) O0 al
62 ZSMZ() 00 62
63 AaSZI(I) 00 63
54 CALL EVL0 (XI.YZZI,AZ.IJ) QOD 64
65 CABI=CAS(I) OD 85
66 SA9InSAS(I) 00 as
87 SALPI=SALP(I) 00 67
as ETKwEXK*CASI4EYK4SABI+EZK9SALPZ OD 66
69 ETS=EXSICABI+EYSOSA9I+EZS*SALPI 00 69
90 ETCutXC4CA8Z+EYC$SA8I+EZC*SALPI OD 90
91 17 E(I).E(I)-(ETK@AX(JX)4ETS*BX(JX)4.ETC*CX(JX))'CURD OD 91
92 IF (h4.EQ.O) 00 TO 19 CID 22
93 IJ=LD+I 00 93
94 h~aN OD 94
95 DO 1$ Im1,M 00 25

96 Is!JlO0 96
97 ISXIJ)00 97

go XI:X(IJ)OD9
99 ZIUZ(ZdI) D9
100 CALL HSFLD (XZ,Y!,ZI.O.) O0 100
101 zI zI II+i 00 101
102 TX=T2X(IJ) 00 102
103 TYuT2Y(ZJ) 00 103
104 TZuT2Z(IJ) 0D 10.4
105 ETKuEXK$TX+EYKOTY+EZK*TZ CD 105
106 ETSrnEXS$TX+EYSOTY+EZS*TZ OD 106
107 ETC=EXCOTX+EYC*TY+EZCOTZ OD 107
108 E(Il)=E(11)+(ETK.AX(JX)+ETS*BX(JX)+ETC'Cx(jx))OCURD0SALP(IJ) 00 109
109 I1I=I+I 00 109
110 TX=TiX(IJ) 00 ¶10
111 TY=TIY(IJ) O0011I
112 TZwT1Z(IJ) 00 112
113 ETKnEXKOTX+EYKOTY4.CZKOTZ 00 113
114 ETS=EXSITX+EYSOTYtCZSOTZ 00 114
115 ETC=EXC*TX+EYCOTY+EZC$T2 00 115
116 Is E(Z1)=C(I1)4.(ETKOAX(JX)4ETS$BX(JX)+ETC'CX(JX))*CURDOSALP(IJ) 0D 116
117 19 IF (NLOAO.0T.O.OR.NLODF.GT.0) E(J)uc(J).ZARRAY(J)*CURDO(AX(JX)+CX( OD0117
lie 1JX)) 00 116
119 20 CONTINUE 00 119
120 RETURN OD ¶20
121 END 00 121-
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PURPOSE

To ecoiiyite and print radiated field qiiwntities.

ME~THOD

The quantities computed and the output formats depend on the options

selected by the first integer (IFAR) and fourth, integer (IPD, IAVP,.:ItOR, lAX)

on the RtP card (see Part~ III). These quantities are defined as follows*,,

(1) Power Gain

in the direction (04~)

G (6,ý) 47
p Pin

where P is the power radiated per unit solid angle in the given

direction, and Pin s the total power accepted by the antenna, Therefore,

Si~n ' (1/2)Re(VI*), where V is the applied source voltage, and

2 !2
P 04 (1/2) R Re(R x A* _

where R is the observation sphere radius. Since the electric field calculated

by FFLD (call it E') does not include exp(-jkR)/(R/X),

and
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Thus,

G (,4P) _ 2•(4 , 2

P TIP in

in terms of the program variables.

(2) Directive Oain

In the direction (0,J),

d ~ Prad

where P rad is the total power radiated by the antenna. The only difference

from power gain is that Pin is replaced by P ad' and Prad ' pin Plos' where

P.loss is calculated as the power lost in distribubted and lumped load& on the
structure and in the networks loads.

. (3) Component Gain

The gains are also calculsted for separate, orthogonal field components
I I I I

(u, v). In this cate, 5' ' j'* is replaced by EuEU* or I.E.*, and the

total gain is the sum of the two components.

(4) Average Gain

The user specifies a range and number of points in theta and phi that in

turn specify the total solid angle covered, 11, and the sampling density for

the integral in the expression for average gains

G dG
G a I, P

av

The trapez~oidal rule is used in evaluating the integral.
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(5) Normalized Gain

Normalized gain is simply the gain divided by its maximum value or some

value specified by the user.

The discussion of gains applies only to the case of a structure used as

a radiating antenna. For the case of an incident plane wave, the program

constants are defined such that the value of O/C2 is printed under the

heading "GAIN." The calculation is

--- 41IR.2 Wscat 411 , i*
A2 X2 Winc Einc * -*' scat scat

•n ~nc

where Wscat is the scattered power par unit area at distance R in a given

direction, Winc is the power per unit area of the incident plane wave, and

the primes on the electric fields specify the fields used in the program as

defined above, For the cage of a Hertsian dipole used as a source, the gain

equations are used; however, Pin is equal to the total power radiated by the

Hertzian source. That is

~in3 II

where the quantity Ik is an input quantitiy.

(6) Elliptic Polarization

Elliptic polarizatiun parameters are calculated as follows:

2

/

N

M
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M - t(EyI coo + E zM cos • sill Y) + E 9 sin ] 1/2

N ILyf W Y - E CosR co Y) 2 + E 2 ALn2 coo 2 yjt/2

where

Ey 0 9ym exp[j(wt - kx)j

E a 0 ecxpj(Wt - kx + Q)

and y is given by

2yw2i E McosC
tan 2y M  -.m" Lr2

In this routine, the coordinates y and z above are replaced by e and *,

respectively.

The field is computed by FFLD at RD74 for space wave or by GFLD at RD76

for space and ground wave. Elliptic polarization parameters are computed from

RD87 to RD118. RD127 to RD137 stores gain in the array GAIN for

normalization. The integral of radiated power for the average gain

calculation is summed at RDI40 to RD147, Fields and gain are printed at RD162

for space wave or RD165 for ground wave. Average gain is computed and printed

from RDlb8 to RD173. Normalized gain is printed from RD174 to RD208.

SYMUOL DICTIONARY

AXRAT 0 N/M (elliptic axial ratio)

CHT - height of cliff in meters

CLT n distance in meters of cliff edge from origin

DA - element of solid angle for average gain summntion

DFA.L w phase difference between Ee and E9 for elliptic

polarization
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DPH a increment for 4

DTH - increment for U

EMAJR2 a M42 (0 - major axis)

EMINR2 a N2

EPH a E0 (phi component of electric field, with or

without the term exp(-jkR)/(R/A) depending on return

from GFLD or FFLD)

EPHA w phase angle of EPH

EPHM a IEPHI

EPHM2 - IEPHI 2

EPSR w relative dielectric constant

EPSR2 a relative dielectric constant of second medium

ERD m radial electric field for ground wave

ERDA w phase of ERID

ERDM - IERDI

ETH a E

ETRA a phase of E

ETHM IE60I

ETRM2 3 IE e 2

EXRA • phase of exp(-jkR)

EXKM "/R

GCON * factor multiplying I1E2 to yield gain or

a/X
2

GCOP = GCON except when GCON yields directive gain; then GCOP

remains power gain

GHAX * value used for normalized gain

GNH - horizontal, gain in decibels, 0 component

GNMJ major axis gain in decibels

GNMN * minor axis gain in decibels

GNOR * if non-zero, equals input gain quantity

GNV * vertical gain (e)

GTOT * total gain

IAVP • flag for average gain

IAX * flag for gain type

IFAR K first integer from HP card
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INOR - integer to select normalized gain

IPD a flag to select power or directive gain

I XTYP a excitaLion type

NOR4AX - dimeusnui of FNORM (maximum number of gain vnlur-s that

will be stored for normalization)

NPH - number of 0 values

NTH - number of e values

PHA - in radians

PHI - * in degrees

PHIS - initial

PI W

PINR - input power for current element source

PINT a summation variable for average gain

PLOSS a power dissipated in structure loads

PNLR a power dissipated in networks and transmission lines

PRA• w power radiated by the antenna

RFLD - if non-zero, equal to the observation distance in meters

SIG * conductivity of ground (mhos/m)

SLG2 a conductivity of second medium (mhos/m)

STLLTA a sin y; y is tilt angle of the polarization ellipse

TA a r/180

TD 0 180/1

TRA w b in radians

THET w t in degrees

THETS a initial e

TILTA - y (tilt angle of ellipse)

XPR6 = minor axis of polarization ellipse or strength )f

current element source

CONSTANTS

1.745329252E-2 a 1/180

l.E-20 - small value test
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1.,E-5 3ma8l value test

-1.E1O 0 near minus infinity

3.141592654 a
3 7b,.73 w % . ,07o
394.51 u R lb/3
57.2957795 n 180/71

59.96 a To0 /(2r)
90.01 0 test value for angle exceeding 90 degrees
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I SUBROUTINE RDPAT RD 1
2 C COMPUTE RADIATION PATTERN, GAIN, NORMALIZED GAIN RD 2

3 INTEGER HPOL,NBLK,HCTRHCLIr RD 3
4 COMPLEX ETH,EPH,ERD.ZRATI,.RAT12,TI FRATI RD 4

5 COMMON /DATA/ LD,NIN2,NNP.Mi.M2.MMP.X(300).Y(300).Z(300),SI(300 RD 5
6 I),91(300),ALP(30O),ar.T(300),ICON1(300).ICON2(300),ETAG(500),lCONX( RD 6
7 2300).WLAM,IPSYM RD 7
a COMMON /SAVE/ rP(boo),KCOM,COM(13,5),EPSR,SIG,SCRWLT,scRWRT,FMHZ RD 8
9 COMMON ,OND/ZRATIZRAT12,FRATICLCH,SCRWL.SCRWR.NRADL,KSYMPIFAR. RD 9

10 IIPERF.71,T2 RD 10
11 COMMON /FPAT/ NTH,NPH,IPDIAVP.INORZAXTHCTS.PHXS,DTH,DPH,RFLD,ON RD 11
12 IOR ICLT ,CHT,EPSR2 ,S102 ,IXTYP,XPR6,PINR ,PNLR,PLOSS,NEAR,NFCH,NRX ,NRY RD 12
13 2,NRZ,XNR,w'NR,2NR.DXNRDYNR,DZNR RD 13
14 COMMON /SCRATM/ GAIN(1200) RD 14
15 DIMENSION IOTP(4), IGAX(4), !ONTP(lO), HPOL(3) RD is
16 DATA HPOL/6HLINEAR,5HRIGHT,4HLEFT/.HBLKd4CIR/IH G6HCIRCLE/ RD 16
17 DATA IGTP/6H - .6HPOWER G6H- DIRE.6HCTIVE /RD 17
Is DATA IGAX/6H M*JOR,GH MINOR,GH VERT..GH HOR, /RD 18
19 DATA ICNTP/6H MAJOR,GH AXIS ,6H MINOR,SN AXIS .6H YER.&HTICAL ,6 RD 19
20 IN HORIZ,GHONTAL .6H ,SHT07AL. / RD 20
21 DATA P!,TA,TD/3.141592654.1.745329252E-02,57.29577951/ RD 21
22 DATA NORMAX/1200/ RD 22
23 Ir (IFAR.LT.2) 0O TO 2 RD 23
24 PRINT 35 RD 24
25 IF (IFAR.LE,3) GO TO I RD 25
26 PRINT 36, NRADL,SCRWLT.SCRWRr RD 26
27 IF (!FAR.EQO4) 0O TO 2 RD 27
28 1 IF (IFAREO,2.OR.IFAR,E0.5) HCLIF=HPOL(t) RD 28
29 IF (IFAR.EQ,3OR.IFAR.EOIl) HCLIFuHCIR RD 29
30 CLmCLTA/LAM RD 30
31 CH=CHT/#LAW RD 31
32 ZRATI2,CSORIT(1/CMAPLX(EPSR2,-SIO26WLAM'59.96)) RD 32
33 PRINT 37, HCLIF,CLT.CHT.EPSR2,S102 RD 33
34 2 IF (IFAR.NE.1) 00 TO 3 RD 34
35 PRINT 41 RD 35
36 00 TO 5 RD 36
37 3 I=241P0+1 RD 37
38 JmI+1 RD 31
39 ITMP1=2$IAX'.1 RD 39
40 1 TMP2 LTTMPI+1 R D A0
Al PRINT 38 RD Al
42 IF (RFLD.L.1. ,E-2O) 0O TO 4 RD 42
43 EXRM-l /PrLD RD 43
44 EXRA=RFLD,/WLAM RD 44
45 EXRA=-360.*(EXRA-AINT(LXRA)) RD 45
46 PRINT 39, RFLD,CXRMEXRA RD 46
47 4 PRIN~T 40, IGTPCI),IGTP(J),IGAX(ITMP1),ZOAX(ITMF2) RD 47
49 5 IF (IXTY'PEO.0.OR.IXTYP.EO,5) GO TO 7 RD 48
49 IF (IXTYPEQ.4) G0 TO 6 AD 49
50 PRAD=O, RD 50
51 GCONm4.Pl/(I *4XPR6#XPRG) RD 51
52 GCOP-OCON RD 52
53 00 TO 0 RD 53
54 6 PINR=394,51*XPR6'XPR5*WLAMWYLAM RD 54
55 7 GCOP=-WAM'WLA1402,$P/(376.736PINR) RD 55
so PRAD=PINR-PLOSS-PNLR RD 55
57 GCON=GCOP RD 57
58 IF (IPD.NE.O) GCON=GCONOPINP/PRAD RD 58
59 a 1=0 RD 59
60 GMAX=-I.EIO RD 60
61 PINT=0. RD Si
62 TMPI=DPHOTA RD 62
63 TMP>,SDINS(HTA RD 63
64 PHI=PI-4ý-OPH RD 64
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65 DO 29 KPH=1 NPH RD 65
66 PHI=PHI+DPH RD 66
6? PHA=PHIOTA RD 6?
68 THET=THIET$-DTH RD 68
69 DO 29 KTHI NTH RD 69 4
70 THET=THET*DTH RD 70
71 IF (KsYMP.EQ.2.AND.1THET.0T.90oli.AND.IrAR.NC.¶) 00 TO 29 RD 71
72 THA=THETOTA RD 72
73 IF (IFAR.1Q.1) GO TO g RD 73
74 CALL FFLD (7HA,PHA,E7H,EPN) RD 74
75 GO TO 10 RD 75
76 9 CALL GFLD (RFL0/WLAM.PHA,THET/WLAM,CTH1 CPI4,CRD.ZRATI.KSYhgP) RD 76
77 ERD~xCASS(ERD) 00 77
78 ERDAuCANG(ERD) RD 78
79 10 ETHM2wREAL(ETH*CONJG(ETH)) RD 79
80 CTHM=SQRT(CTI4M2) RD so
$1 ETHANCANfOCCTH) AD 811
82 EPHM2.REAL(EPI4'C0NJ0(EPH)) RD A2
83 EPHIwS40RT(EPHM2) RD 83
84 EPHANCANO(EPH) RD 84
85 IF (IFAR.EO.I) 00 TO 28 RD 85
86 C, ELLIPTICAL POLARIZATION CALC. PD 86
87 IF (CTI4M2OT.1 .C-20.OR.CPHM2,0Ti,E-20) 00 TO 11 RD 87
88 TILTAzO. RD as
189 EMKAJR2=0. RD go
90 EMltIR2mO, RD 90
91 AXRA~mO, RD 91
92 ISENS=HOLK RD 92
93 GO TO 16 RD 93
94 11 DFAZEEPHA-ETHA RD 94
95 IF (tPHA.LT.O.) 00 TO 12 RD 95
96 DVAZ2wDFAZ-360. RD 06
97 0070O13 RD 97
9S 12 DFAZ2*DFAZ+380. AD 98
99 13 IF (ASS(DFAZ).GT.ABS(DFAZ2)) DFAZODFA22 RD 99
100 CDFAZ.COS(DrAZ*TA) RD 100
101 TSTOR1.CTHM2-EPHM2 RD 101
102 7ST0R2w2,4EPHM4ETHM6CDFAZ RD 102
103 TILTAm.5*ATGN2(TSTOR2,TSTORI) RD 103
104 STILTAnSIN(T:LTA) RD ¶04
105 TSTORI*TSTOR1'STILTAOSTILTA RD 105
106 TST0R2uTST0R2$STILtA*COS(TILTA) RD 106
107 EMAJR2x-TSTORI+TSTOR24ETHN42 RD 107
108 EMlNR2rnTSTORI-TSTOR2+CPHM2 RD 108
109 IF (EMINR2.LI.0.) CMINR2.0. RD 109
110 AXRATftSORT( CMINR2/EMAJR2) RD 110
III TILTAcTZLTA'TD RD III
112 IF (AXRAT.OT.1E-5) 00 TO 14 RD IQ2
103 £SCNSNHPOL(I) RD0 113
114 00 TO If RD 114
115 14 7F (DFAZ.OT0,.) 00 TO IS RD 115
l16 ISENSmHPOL(2) RD 116
117 00 TO 18 RD 10?
l18 is ISENSsHPOL(3) RD III
119 Ie GNMJwVSIC(0CON*EMAJR2) RD 119
120 GNMNwDG1O(OCON*EhINR2) RD 120
121 ONVvDSi0(GCON*ElHM2) RD 121

4 02 NHmDelo(OCON$CPHM2) RD 122
1 24 GT0!.DBl0(0CON$(ETHM2+EPHM2)) RD 123
124 IF (INOR.LT.I) 00 TO 23 RD 124
125 121+1 RD 125
126 xr (Z.0T.N0RMAX' 00 TO 23 RD 126
1211, 00 TO I1,8g2,1 NOR RD 127

125 I7 T5T0RI=0NMJ~ RD 125
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129 00 TO 22 RD 129
130 18 TSTOP1=GNMN RD 130
131 GO TO 22 RD 131
132 19 TSTORi1-GNV RD 132

GO 0 TO 22 RD 133

1.3 22 GAjNý~a'?SYORI D 3
133 IF (757ORIOT.OMAX) GMAXt%!$TQ.R1 RD 138
139 23 IF (IAYP.EQ.o) 00 TO 24 RD 139
140 7STOAR1s0COP4(CNM2+EPHM2) RD 140
141 IMP39THA-YMP2 RD 141
142 TMP4aYHA+YMP2 RD 142
143 IF (KTH.EQ.I) TMP3wTHA RD ¶43
144 IF' (KTH.EO.NTH) TMP40TH4A RD 144
145 DA.A9S(TMPI$(COS(TMP3)-COS(TMP4))) RD 145
146 IF (KPH.E0.1.OR.KPH.EO.NPH) CDA*.5*DA RD 146
147 PINToPINT+TSVORIODA RD 147
148 IF (IAVP.EQ.2) 00 T0 20 RD 148
149 24 Z~(IAX.CQ.¶) GO to 25 RD 149
150 TMP~aCNMJ A D 150
151 Th4P62GHMN RD 1si
152 00 TO 26 RD- 152
153 25 IMP52ONY RD 153
154 YMPS*CNH RD 154
155 26 CTHMNETHW*WLAM AD, ¶55
156 EPHMaEPHMOWLAm A D 156
1S7 IF (fArLDALI.E402) 00 TO 27 RD 157,
¶5a ETHI~uCTIk4tAXRM, RD158..
159 ETHAMEtHA4EXRA RD, 159
¶60 £PHMaLPHOM M~~ RD ¶60
¶61. ,rPHAw(PHA+tXRA RD W6
162 27 PRINT 42, THETPHtTMP5,TMP6,0TDTAXRATTZL7A,ISENS,C!THM1CTHAECPHM RD 164 63 1 EPHA RD 163
¶64 00 TO 26 RD 164
¶65 28 PRINT 43, RFLDPHI4 THtTCTHMCTHA,EPHM.EPHA.ERDM,CRDA PD 165
1b6 29 CONTINUE RD 166s
¶67 IF (IAVP.CQ.0) 00 TO 30 RD 167
¶68 IMP30..HETS6TA RD 169
¶69 1'MP4%~TMP34DTH*TA*F'LOAT(NTHI.4- RD 169
M7 IMP30IA8S(DPH'TA*FLOAT(NPH-1)*(COS(TMP3)-COS(7MP4))) RD 170

¶71 PINTxPINT/TWP!3 RD 171
172 TMP3.%TMP3,.'r' RD 172
173 FPRINT 44, PINTIMPS RD 173
74 '.D IF (INOR.EQO) 00 TO 34 RD 174

175 IF (A9S(GNOR).'ST.1 -20) GMA>w0NOR RD 175
176 IIMPl.(INOR-i)02+I RD ¶76
177 I~wP2isITMF'1I4 RD 177
¶75$ PAN~T 45, IGN7P(IIMPI),IGNTP(I7MP2),0MAX RD ¶78
079 ITMIP2wNPHONTH RD 179

1D IF (11'02.0y.NORMAX) ITMP2mNORN4AX RD ¶80
IV! ITMPIw(ITMP2*2)/3 RD ¶81

;.2 ITWP2.wITMP1'3-I1'r'2 RD 182
IP3 MP3mITWPI RD 183

IN TIM4o.2*11MP¶ RD ¶94
Ib Ir ýITMP.Q,2) 1TMP4~t:MP4-I RD 185

¶66 Dor 31 1:; 1 IM~,P RD 186
187 !T~3=I1MP3+i RD 187
lee ITMP4=1TMP44I RD 165
'99 Jm(1-1)/NTH RD 199

T11 111 IxHE¶1.*L0Ai RD~YN-)rt 1o90
11 TMP:mPH1SFLCArk~'t*PH RD 191

92 ~ (I4~'-lPdHRD 192
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¶93 TMP3=THETSVLOAT(ITMP3-.J'NTH-1 )*DTH R D 193
194 (MP4=PHIS+FLOAT(J)~ODP RD 194
195 J=(ITMP4-1)/N7H RD 195
196 Th4PS=TrHElTS+FiOAT(ITMP4-J*N4TH-1 )*DTH Ru 196

197 TMP6=PJiIS+FLOAT(J)0DPK RD 197

199 IF (I.EQ,?TMP1 .ANDIrTMP2.NL.O) GO TO 32 RD 199
200 TSTOR2OGAIN(ITMP3)-GMAX RD 200
201 PINT=GAIN(ITMP4).-GMAX RD 201
202 31 PRINT 46, TMP1,TMP2,TSTORITMP3,TMP4,TSTOR2,TMP5,TMP6,PRT RD 202
203 00 TO 34 RD 203
204 32 IF (ITMP2.EO.2) GO TO 33 RD 204
205 TSTOR2=GAIN(ITMP3)-GMAW RD 205
206 PRINT 46, TMP1ITMP2,TSTORITMP3,TMP4,TSTOR2 RD 206
207 GO TO 34 RD 207
208 33 PRINT 46, TMPI,TMP2,TSIORI RD 208
209 34 RETURN RD 209
210 C RD 210
211 35 FORMAT (///.31X.32H- - - FAR FIELD GROUND PARAMETERS -- ,/) RD 211
212 36 FORMAT (40X.25HRADIAL WIRE GROUND SCRECN,/,40XZ5,6H WIRES,/,40X.1 RD 212
213 12HWIRE LENGTH=.FB,2.7H METERS./.40X.12WlwRE RADIUSUC1O.3.7H METER RD 213
214 2S) RD 214
215 37 FORMAT (40X.A6,6H CLIFF ,/.40X.14HEDGE DISTANCEw,V9.2.7H METERS,/.4 RD 215
216 iOX,7HHEIGHTz,F8.2,7H METERS,/.40X,ISHSECOND MEDIUM4 -,/.40X.27HRELA RD 216
217 2TIVE DIELECTRIC CONST.=,F7.3%,/,40X,13HC0NDUCTIVITYuE1O.3.5H MHOS) RD 217
218 38 FORMAT (///,4aX.30H- - - RADIATION PATTERNS -- -) RD 218
219 39 FORMAT (54X.6HRANGE=,E13.6,7H METERS,/,54X,l2IHEXP(-JKR)/'Ru,E12.5,9 RD 219
220 IH AT PHASC,F7,2,$H DEOREES,,') RD 220
221 40 ['ORMAI (/.2x,14H- - ANGLES - -,7X,2A6,7HOAINS -,7X,2414-- - POLARI RD 221
222 IZATION - - -,4X,20H- - - E(THETA) - - -,4X,I$H- - - E(PHI) -- ,2H RD 222
223 2-,/,2XSHTHEI¶A 5X ,3HPHI ,7X A6,IXA6 ,3X ,5HTOTAL.6X,5HAXIAL ,5X,4HTIL RD 223
224 3T,3X,5HSENSEI2(SX,9HMAGNITUDE,4X,6HPHASE ),/,2(IX.7HDEGREES.1X).3( RD 224
225 A6X,2tHJB),8X,5HRATIO,5X,4HDEO,,8X,2(6X,7HVOLTS/M,4X.7HDE0REES)) RD 225
226 41 FORMAT (///.28X,4OH- - RADIATED FIELDS NEAR GROUND --- //,SX, RD 226
227 120H- - - LOCATION - - -,IOY,,15H-, - E(THETA) - -,6X,14H- - E(PHI) - RD 227
228 2 -,SXI7H- - E(RADIAL) - -,~/,7X.3HRH0,SX.3HPHI,9X,1NZ,12X,3HMA0,6X RD 228
229 3,5HIPHASE,gX,3HMAG,6X~bHPHASE.9X,3HMA0,6X,5HPHASE./,5X,GHMETERS,3X, RD 229
230 47H~DEGREES,4X,6HMErERS,8X,7HVOLTS/M,3X,7HDEGREES,6X,7HVOLTS/`M,3X,7H RD 230
231 SDEGREES,6X,7HVOLTS/M,3X,7HDEGREES,/) RD 231
2.32 42 FORMAT (1X,r7.2,F9.2,3X,3F8,2,F11.$,r9.2,2X.A6,2(El55.5F9.2)) RD 232
233 43 FORMAT (3X.Fg.2,2YF7.2.2X,Fg92,iX.3(3X,E11.4,2X,F7.2)) RDl 233
234 44 FORMAT (//,3XI9HAVERA.GE POWER 0AINw.E12.5.7X, 31HSOLID ANGLE USCD PD 234
2S5 I IN AVERAGINGr:(j,F416H-)*PI STERADIANS..1/) RD 235
236 45 FOIPMAT (//,37X,31H- - - - NORMALIZED GAIN - - - -,//,37X,2A6,4HGAI RD 236
217 IN,/',38X.22HNORMALIZATioN FACTOR =,F9.2,3H DI,//,3(4X,14H- - ANGLES RD 237
238 2 -.-,6X,4HGAIN,7X),/3(4X,SHTHETA,5X,3HPHI,8X,2HDHBX),/,3(3X,7HDE RD 238
239 3GREES,2X,7H-DEGREES.16X)) RD 239
240 46 FORMAT (3(1X,2F9.,iX.~F9.2,6X)) RD 240
241 END RD 241-
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PURPOSE

To read the matrix a by blocks of rows and write it by blocks of columns.

-tTHUDI.

When ICASK is 3 or 4 subroutine CHNGF writes B to file 14 by blocks of

rows. Filling 8 by rows is convenient since the field of a single segment may

contribute to several columns. However, blockA of columns are needed whern

A 1 8 is computed. Hence the format is converted.

NdBX is the number of block of S stored by rows and NBBL is the number

of blocks stored by columns. The loop from R816 to RB23 reads file 14 and

stores the elements for block NPB of columns. This process is repeated for

each of the NB31, blocks of columns.

SYMBOL DICTIONA.RY

a a array for blocks of columns of B

BX a array for blocks of rows of B

N2C a number of columns in 5

NB w number of rows in B

N6X w number of rows in blocks of rows of B (NPBX)

NP6 a number of columns in blocks of columns (NPBL or NLBL for last

block)

tNPX a NPBX or NLBX for last block of rows

S
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I SUBROUTINE REBLK (BBX,NBNBX,N2C) RD 1
2 C REBLOCK ARRAY B IN N.G.f SOLUTION FROM BLOCKS Or ROWS ON f'APEI4 RB 2
.3 C TO BLOCKS Or COLUMNS ON TAPE16 RB 3
4 COMPLEX BBX RD 4
5 COMMON /MATPAR/ ICASE,NBLOKSNPBLK,NLASTNRLSYM.NPSI'M,NLSYIAIMAT,I Re 5
6 ICASX,NBBX,NPBXNLIX,NBBL,NPBL,NLBL Re 6
7 DIMENSION B(NBI), BX(NUXI) Rs 7
8 REWIND 16 AB a

9 NIBwO RB 9
10 NPBENPOL RB 10
11 DO 3 18.1 ,NBBL RB ¶1
12 IF (1I.EO.NBBL) NPB'NLBL RB 12
13 REWIND 14 RB 13
14 NIX=O Re 14
15 NPX~iNPOX RD 15
Is 00 2 ZBX=lNBOX RD IS
17 IF (IBX.EQ.NBBX) NPXuNLBX RB 17
Is READ (14) ((BX(I.J),Iu1,NPX)1J*l.N2C) RB Is
19 DO I 1n.1 NPX RD 19
20 ZEUI+NIX RD 20
21 DO I Jokl.NPO RB 21
22 1 8(IXJ)mBX(IJ+NIB) RB 22
23 2 NIX=NIX+NPBX RD 23
24 WRITE (16) (BI),mN)J.NB)RB 24
25 3 NIBuNIB+NPBL RB 25
26 RCWIND 14 RB 26
27 REWIND 16 RB 27
28 RETURN RB 28
29 END RB 29-
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SPURPO)SE

To ,,ner.Pt geometry data for .structures having plane or cyltuIdrJcal

iymmv'Lry by fourmin symmetric images of a previously defined structure unit.

METHOD
The first part of the code, from statement RE20 to RE153, forms plane

symmetric structures by reflecting segments and patches in the coordinate

planes. The reflection planes are selected by the formal parameters IX, IY,

and IZ. If IZ is greater than zero, an image of the existing segments and

patches is formed by reflection in the x-y plane, which will be called

reflection along the z axis. Next, if IY is greater than zero, an image of

the existing segments and patches, including those generated in the previous

step by reflection along the z axis, is formed by reflection along the y axis.

Finally, if IX is greater than zero, an image of all segments and patches,

including any previously formed by reflection along the z and y axes, is

formed by reflection along the x axis. Any combination of zero and non-zero

values of IX, IY, and 1Z may be used to generate structures with one, two,. or three planes of symmetry. Tag numbers of image segments are incremented

by ITX from tags of the original segments, except that tags of zero are not

tucrv.mcnted. After each reflection in a coordinate plane, ITX is doubled.

Thus, if ITX is initially greater than the largest tag of the existing

segments, no duplicate tags will be formed by reflection in one, two, or three

planes.

The code from RE157 to UE204 forms cylindrically symmetric structures

hy [,:'rrming images of previously defined segments and patches rotated about the

z axis. The number of images, including the original structure, is selected

by NOV' In the formal parameters. The angle by which each image is rotated

abotLt t;i z axis from the previous image is computed as 27T/NOP, so that the

images are uniformly distributed about the z axis. Tag numbers of segments

arc, fn._remented by ITX, except that tags of zero are not incremented.

'.Iien REFLC Is used to form structures with either plane or cylindrical

, tr', the data In COMMON"1)ATA/ is set so that the program will take

afLdvnt;o._ of s vmnetry In filling and factoring the matrix. This is done by

'ýL .I i', N equal to tCe total number of segments but leaving NP equal to the

* ''J t ze'montL4 i the oriv',.al structure unit that was reflected or
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rotated. 'Me symmetry flag IPSYM is also set to indicate the type of

symmetry: positive values indicating plane symmetry and negative values e
cylindrical symmetry. These symmetry conditions may later be changed if the

structure is modified in such a way that symmetry is datroyed.

SYMBOL DICTIONARY

ABS - external routine (absolute value)

COS a external routine (cosine)

CS - coo (27/NOP)

El - segment coordinate (temporary storage)

E2 - segment coordinate (temporary storage)

FNOP - NOP

I - DO loop index

ITAGI a segment tag (temporary storage)

ITX - segment tag increment

ITX - segment tag Increment

Ix - flag for reflection along x axis

ly - flag for reflection along y axis

Iz a flag for reflection along z axis

J w array location for new patch data

K - segment index and array location for old patch data

NOP - number of sections in cylindrically symmetric structure

NX - segment index and array location for new patch data

NNX - array location for old patch

SAN - 2T/NOP

SIN - external routine (sine)

SS - sin (2://NOP)

TIZI
T'iX

T2X M N, V, z components of t1 and t2
T2X
12 Y

T2Z

XK - x coordinate of segment

X2(1) - x coordinate of end two of segment I

YK - y coordinate of segment
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Y2(T) u y coordinate of end two of segment I

7.2(0) - z coordinate of end two of gegwnent I

CONSTANTS

1.E-6 u tolerance in test for zero

I.E-5 = tolerance in test for zero

6.2831,85308 - 2v

0
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i SUBROUTINE R[FLC (IX,lfIZ,ITXHOP) RE 1
2 C R E 2
(I C R~ELC RLrLECIS PARTIAL STRUCTURE ALONG X.Y. OR Z AXIS OR ROTATES RE .3

4 r STRUCTURE TO COMPL.ElE A SYMMETRIC STRUCTURE. R[, 4
5 C RE1 5

6 COMMON /DATA/ LD,NlN2,N.NP,MIM2,M,MP,X(300).Y(300),Z(300),SI(300 RE 6
7 i),SI(300).ALP(300),BET(300),ICON¶(300),1C0N2(300)IITAG(300),!CONX( RE 7
a 2300) ,WLAM.ZPSYM RE a
9 COMMON /ANGL/ SAL.P(SOO) RE 9
10 DIMENSION rIX(l), TIY(l). TIZ(1), T2X(l), T2Y(i). T2Z(1), X2(l), Y RE 10
11 12(l). Z2(1) RE 11
12 EQUIYALENCE (TIXXSI). (TlY.ALP). (TlZ.BET). (72X,ICONi). (72YICON RE 12
13 12). (TMzITAO), (X2.SI), (Y2,ALP). (Z2BcT) RE 13
14 NPmN RE 14
15 MPO4 RE 15
l6 IPSYMuO RE 16
17 ITI~lTX RE 17
18 IF (IXLT.o) 00 TO 19 RE is
10 IF (NOPEOO) RETURN RE 19
20 XPSYMMI RE 20
21 IF (IZZ.Q.O) GO TO 6 RE 21
22 C RE 22
23 C REFLECT ALONG Z AXIS RE 23
24 C RE 24
23 IPSYM=2 RE 25
25 IF (N.LT.N2) GO TO 3 RE 28
27 DO 2 IaN2,N RE 27
28 NX=I+N-Ni RE 28
29 ElmZ(I) RE 29
.30 E2r22(I) RE 30
31 Zr(ADS(EI)+ABS(E2).GT.1.E-5.ANOE1'OE2.0E.-1.E-6) 00 TO I RE 31
32 +PRINT 24, 1 RE 32
33 STOP RE 33
54 1 XCNX)=X(l) RE 34
35 Y(NA)MY(I) RE 35
36 Z(NX)*-El RE 36
37 X2(NX):X2(I) RE .37
3B Y2(NX)aY2(!) RE 38
39 Z2(Nx)z-E2 RE 39
40 ITAOI=ITAG(I) RE 40
41 Ir (ITAGIEO.C) ITAG(NX)=O RE 41
A,' IV (ITAC.I.NEO) lTkc.(NX)=ITAGI*ITI RE 42
43 2 al(Nx)=81(I) RE 43
A44 N=N*2-N I RE 44

45 ITI=2T1*2 RE 45
46 'A Ir (M.LT.M2) CýO TO 6 RE 46
611 NXX=LD.1-Ml RE 4?

46 DO 5 lum2,m RE 48
49 wNx~wkx-I RE 49

60 N=N:HX~-V*I RE 50
51 IF (AB5(Z(N~x))c.GT.E-10) G0 TO 4 RE 51
52 PRINT 25, 1 RE 52
53 STOP RE 531
54 4 X(NX)-.,(NXX) RE 54

ý1 Y(NX)=Y('NXX) RE 55
56 Z(NX)=-i(NXy') RE 56
57 TIX(NX),-T1X(N %)0 RE 57

58 T IY(NK )=T If RE 58
5, TlZ(NxD.--IýZ(NXY) RE 59
61 TZ'X('ý 'T2%(NAX) RE 60
F1 T2Y(N' -T-ffNwv FE 6!
FlT2Z (Nk=-T2 ?NX );, PE f62
63FN~~.~iix PE 63

S B1I~I~'. E E4
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65 M~w42-Ml RE 65
866 6 IF (IYEQ.O) 00 TO 12 RE 66
67 C. RE 67
68 C REFLECT ALONG Y AXIS RE SB

70 IF (.L TN) 00 T0 9 RE 70
61 00 9 n2.E 71

74 E20Y2(1) RE 74
75 IF (AUS(EI)+AIS(c2).QT.¶.C-5ssND.EIs2.OE,-¶,c-6) 00 TO 7 RE 75
76 PRINT 24, 1 RE 76
77 STOP RE 77
i8 7 X(NX)wX(I) RE 78
79 Y(NX).-El RE 79
so Z(NX)EZ(I) RE 80
al X2(NX)uX2(I) RE a1
82 Y2(NX).-E2 RE 82
83 Z2(NX)wZ2(I) RE 83
64 ITAOZ.ZTAG(I) RE 84
85 IF (ITAOZ.EQ.O) ZTAO(NX).0 RE 85
86 IF (ITAGI.NE.O) ITAO(NX)nZTAOI+ITI RE 86
67 8 DI(NX)mSI(I) RE 67
as NuN*2-Nl RE 88
89 ITImITI42 RE 80
go 9 If (M.LT.M2) 0O TO 12 RE go
91 NXXwLD+l-MI RE 911
02 DO 11 IuM2,M RE 02
03 NXXwNXX-I RE 03
94 NX*NXX-M+IAI RE 94
95 IF (A9S(Y(NXX)).OT.¶.E-lO) 00 To 10 RE 95
96 PRINT 25, 1 RE 96
97 STOP RE 97
go 10 X(NX)uX(NXX) RE go
to Y(NX)n-Y(NXX) RE g9

1100 Z(NX).Z(NXX) RE ¶00
101 TIX(NX)aTIX(NXX) RE 101
102 TIY(NX)a-TIY(NXX) RE 102
103 TIZ(NX)aTIZ(NXX) RE 103
104 T2X(NX)nT2X(NXX) RE 104
¶05 T2Y(NX)a-T2Y(NXX) RE lob
106 T2Z(NX)zT22(NXX) RE ¶06
107 SALP(Nx)m-SALP(NXX) RE 1'37
¶08 11 BI(NY)MBI(NXX) RE 108
109 MUM*42-hU RE ¶09
110 12 IF (IX.EOC) 00 TO 18 RE ¶10
III C RE Ill
112 C REFLECT ALONG X AXIS RE 112
113 c RE 113
114 IF (N.LTN2) 00 TO 15 RE 114
115 DO 14 I=N2,N4 RE 115
116 NXmZ+N-NI RE 116
117 EINX(I) RE 117
lid E2wX2(1) RE 118
lie IF (ABS(EI )+AUS(E2),GT. I E-5.AND.E¶'E2.OE.-1 .E-S) 00 TO 13 RE 1111
120 PRINT 2A, I RE 120

Il STOP RE 121
12 " 13 X(NX)=,-E1 RE 122
123 Y(NX)uY(T) RE 123
124 Z(NX)NZ(I) RE 124
*25 X2(14X)=-C2 RE 125

1 ." Y2(NX)=Y2(l) RE 126
121 Z2(NX):22(I) RE 127

26 ITAG2wITA.GOf PE 126
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129 IF (ITAGI.E0.0) ITAO(NX)=0 RE 129
130 IF (ITAOZ.NE-0) ITAG(tNX)=1TAGI4ITI RE 130
131 14 BI(NX)=8I(1) RE 131

132 NuN*2-Ni RE 1320
1133 Is IF (M.0.102) G0 TO 18 E 3
134 NXXmLD#1-MI RE 134
135 DO 17 ImM2,M RE 135
136 NXXuNXX-1 RE 136
137 NXENXX-M+MI RE 137
138 IF (ABS(X(N~X))cGT.¶ *c-1) G0 TO 16 RE 1318
139 PRINT 25, 1 RE 139
140 STOP RE 140
141 16 X(NX)m-X(NXX) RE 141
142 Y(NX)uY(NXX) RE 142
143 Z(NX)OZ(NXX) RE 143
144 TiX(NX)R-YlX(NXX) RE 144
145 TiY(NX)*TiY(NXX) RE 145
146 TIZ(NX)xTIZ(NXX) RE 146
147 T2X(NX)a-T2X(NXX) RE 147
148 T2Y(NX)uT2Y(NXX) RE 148
149 T2Z(NX)BT2Z(NXX) RE 149
150 SALP(NX)m-SALP(NXX) RE 150
151 17 9I(NX)w9I(NXX) RE 151
1152 Mwh42-M1 RE 152
153 18 RETURN RE 153
154 C RE ¶54
155 C REPRODUCE STRUCTURE WITH ROTATION TO FORM CYLINDRICAL STRUCTURE RE M5
156 C RE 156
157 19 FNOPmNOP RE 157
158 IPSYMU-1 RE 1158
159 SAMU6.283i85308/FNOP RE ¶5O
ISO CSwCOS(SAM) RE I60
161 SSuSIN(SAM) RE 161
162 IF (N.LT.N2) 00 TO 21 RE ¶62
163 N*Ni+(N-Nl)*NOP RE ¶63
164 NXENP+I RE ¶64
¶65 DO 20 1vNX,N RE 165
¶86 KuI-NP+Ni RE ¶66
167 XKRX(K) RE 167
ills YKVY(K) RE ¶68
169 X(I)wXKOCS-YKSS5 RE 169
170 Y(I)zXK*S5+YK$CS RE 170
171 Z(I)rnZ(K) RE ¶71
172 XKuX2(K) RE 172
173 YKxY?(K) RE 1173
174 X2(T)aXK*C5-YK*$S RE 17A
175 Y2(1)mXK*SS+YK$CS RE 175
176 Z2(Z)zZ2(K) RE 176

177 ITAGInITAG(K) RE 177
176 IF (ITAOI.EO0O) ITAO(I)m0 RE 176
171 IF (ITAGI.NE-) ITAG(I)VI~AGI+ITI RE ¶79
180 20 BI(I)mII(K) RE ¶80
181 21 IF (M.LT.M2) 00 TO 23 RE 181
182 MUmI4.(M-MI)-NOP RE ¶82
183 NXuh4P+i RE 183
¶84 K&LD+1-M1 RE 184
185 DO 22 ImNX~m RE 185
¶86 IK=K-1 RE 166
187 Ju*--mp~m1 RE 187
lo X=XK RE 186
1,9 YKI=Y(K) RE 189
¶90 X(.J)XK6CS-YK*SS RE 190
191 Y(.)=X1*SS+YK*C5 RE 191

¶91,()~K RE 1920
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193 XKuTIX(K) RE 193
194 YK=TIY(K) RE 194
195 TlX(J)*XK4CS-YK*SS RE 195
196 T1Y(J).XK*S$+YX*CS RE 195
197 T12(J)uTi2(I() RE 197
196 XK.T2X(K) RE 198
199 YKUT2Y(K) RE 199
200 72X(J)uXKOCS-YK*SS RE 200
201 T2Y(J)nXK$SS+YKOCS RE 201
202 T2Z(J)nT2Z(K) RE 202
203 SALP(J).SALP(K) Rt 203
204 22 *I(J)uIZ(K) RE 204
205 23 RETURN RE 205
206 C At 206
207 24 FORMAT (20H GEOMETRY DATA ERR0R--SE0MENT.15,26H LIES IN PLANE 0F 5 RE 207
208 IYMMETRY) RE 208
209 25 FORMAT (27H GEOMETRY DATA ERROR--PATCH.14,26H LIES ZN PLANE Or SYM RE 209
210 IMETRY) RE 210
211 END RE 211-
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ROM 2

T'V dI.,"rI k4 I y i III iy,,lt V ovor I Ise utirreltr. distribuation on a lotgmonlt. to

ubtain the field due to the SommerfeLd integral term,

ME HTHOD .

ftOM2 integrates the product of IG) (oan discsluion of I•'LD) and the

current over a segment.ý Separate integrals are evaluate4 for-current

distributions o-f conseont, sin k(# -0) and aoA k(e - ,6 With thr

vector components of the field, there are nine integrals evaluated

simultaneously and stored itt the array SUN , The integration meth.od i• thh

utme as that described for subroutine INTX, but loops from one through nine

are used at each step.

The parameter DMIN ii set in EFPLD to

DMN I ' 12 +I 2 /

whr +E I 14 2 do 1/
2 2

segment kI + k2

DMLN is paused to TEST as the lower limit for the denominator in the relative

error evaluation to avoid trying to maintain relative accuracy in integrating

the Sommerfeld integral wnen it is much smaller tnan the other terms.

SYMBOL DICTIONARY

A - lower limit of integral

B - upper limit of integral

D 1\:4 minimum for denominator in relative

error teat

DZ - subinterval size

D ZoT - 0.5 DZ

EP a tolerance for hitting upper limit
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GI, G2, GJ, G4, G5 a integrand values at points within the

subinterval

N U nirmber of functions (9)

NM a minimum sublinterval size is (B - A)/NM

NS - present subinterval size is (B A)INS

NT a counter to control Increasing

subinterval site

NTS - larger values retard increasing

subinterval site

NX a maximum subinterval size is (8 - AINX

RX - relative error limit

8 a B -A
SUM w array for inteiral values

TOO, TOI, T02, T10p Tll, T20 a (see subroutina INTX)

TRAGM, TRAG2 a sum of the magnitudes of the Integral

€otributions for the conmtant current
distribution

Z a integration variable at left side of

subinterval
eZE "5

ZEND - upper limit

CONSTANTrs

I.E-4 a relative error criterion

65536 - limit for cutting subinterval size
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I SUBROUTINE ROM2 (A,B.SUM,DMIN) RO i
2 C RO 2
3 C FOR THE SOMMERFELD GROUND OPTION, ROM2 INTEGRiATES OVER THE SOURCE RC 3 S
4 C SEGMENT TO OBTAIN THE TOTAL FIELD DUE TO GROUND, THE METHOD OF R0 4
5 C VARIABLE INTERVAL WIDTH ROMBERG INTEORATION IS USED, THERE ARE 0 RO 5
* C FIELD COMPONENTS - THE X, Y, AND 2 COMPONENTS DUE TO CONSTANT. R0 S
7 C SINE, AND COSINE CURRENT DISTRIBU.TIONS. R0 7
a C RD 8
9 COMPLEX SUM.0l,02,03,04,05,TOO.T01,TIO,T02,Tl1,T20 RO 9

10 DIMENSION SUM(S), GI(9), 02(9), 03(g), G4(9). 05(t). TOI(9Q,, T10(9 RD 10
Ii I), T20(9) R0 !I
12 DATA NM4.NTS,NX.N/05536.4,l,2/,RX/l.E-4/ no 12
13 ZmA RD 13
14 ZEmB 00 14
15 SuB-A RO 1s
16 IF (S.oc.o.) 00 TO I R0 ¶6
17 PRINT 16 P0 17
Is STOP P0 16$
19 1 &tPuS/(I.E4*NM) RD 14
20 ZEN~wZE-EP P0 20
al DO 2 IwiN RO 21
22 2 SUM(I)x(0.'0') RO 22
23 NSmNX R0 23
24 NTwO RD 24
25 CALL SFLDS (Z'01) 00 25
26 3 DZwS/NS RO 26
27 IF (Z+DZ.LE.zi) 00 To 4 RO 27
21 DZNZE-Z RO 26
29 IF (DlLE.EP) GO TO 17 00 29
30 4 DZOTuDZ*.6 R0 30
31 CALL SFLDS (Z+DZOT,03) R0 31
32 CALL SFLDS (2+D1.05) RO 32
33 5 TMAGl*O. PD 33
34 TMAG214. 00 34
SB C RD 35W
36 C EVALUATE 3 POINT ROMBERG RESULT AND TEST CONVERGENCE. R0 36
37 C RD037
31 DO 6 lul N R0 so
39 T0O=(Gi(I)+C5(I))*D20T RO 39
40 TOlI().(T0O+DZ*03(I))4.b RO 40
41 RD(~(*O ()TO/.P 41
42 Ir (1,07.3) G0 TO 6 RO 42
43 lR=REAL.(T0l(I)) RO 43
44 lItAIMAG(TOI(I)) RO 44
45 7MAOI.TMACI+TR*TR+TI4TI RD 45
46 TR=REAL.(T1O(1)) RO 46
A7 TIOAIMAO(110(1)) RO 47
4S TMAG2=TMAG2+TR$TP+TI*TI RD 48
49 6 CONTINUE RO 49
so TMAOIUSORT(TMAGl) P0 50
51 TMAG2.SQRT(TMAG2") P0 51
52 CALL TEST(TMAOI ,TMA02,TP,O., .0.TIDMIN) PO 52
53 IP(TR.OTRX)GO TO 8 N0 53
54 DO 7 limIN RO $A
at 7 SUM(I)=SUh4(I).+T1O(I) PG 55
55 NTxNT+2 PC 56
57 0O TO 12 R0 57
5B 8 CALL SFLDS (Z+.D? 250G2) R0 $a
59 CALL SFLDS (Z+0Z*.75 G4) P0 59
60 ImAcl'so. PO Go
61 TMA02=0, PO &
62, c PO 67
63 C EtALLIATE 5 POIN' ROMBEPO. RESUJLT AND TEST CONVEcGENCE, PC 63
64 C P0 64



ROM2

as DO 9 I=IN RO 65
66 102u(TO1(I)tDZOTO(G2(1)+04CI))) .5 R0 66

67 TI(.02Tf() /.P 67

bIF(.,300TO 9 n0G

72 TMA~lwTMA0l4TR*TR+TZTI 2

73 TANEAL(T20(t)) O7
14 Ilu.AIAO(T20(Z)) O7

75 TMAG2nTMA02+TROTR+llTl TZ
76 9 CONTINUE P0 76

77 TMAOlOSOPT(TMAOI) N0 77

i6 TkMAG2mSQRT (TMA02) NO 78
79 CALL TEST(TMAGI,TMAG2,TR,0.,O.,TI1OMIN) NO 79

60 :F(TA.CT.RX)O0 TO 14 N0 $0

a1 10 00 11 1u.1N NO 8l

62 11 SUh4(I)wSUM(I)+T2O(Z) NO 82

83 NTh*1T41 RO 83

84 12 ZNZ+DZ N0 84

65 If (Z.QT.ZEND) 00 TO 17 NO 55

so D0 13 ZiwN NO 86

67 13 01(ZM05(l) 00 87

as XV (NT.LT.N7S.OR.NS.LE.NX) 00 TO 3 no 8o

59 N~mNS/2 P0 89

90 NTal no g0
91 00 TO 3 -R0 91

92 14 NTwO 00 922

23 IF (NSLT.NM) 00 TO 15 00 93
94 PRINT IV Z R0 94

95 0 0 T 10 Ro 95

96 15 NSuNS2 PC 96

g7 OZ=S/NS R0 17

98 DZO1,0026. P0 98

g9 00 16 lxl.N P0 go

00 OB(I)uOS(Z) P0 100
101 0 03Iu2()P 101

102 0o TO 5 RO 102

103 1? CONTINUJE NO 103

lOA RETU.RN R0 104

¶01 C R0 101

1c.s 18 FORMAT (30H ERROR 8 LESS THAN A IN ROM2) P0 106

107 11 FORMAT (33H ROM2 -- STTP SIZE LIMITED AT 2 =,E12,5) RO 107

108 ENO RO 108-
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PURPOSE

To evaluate the current expansion function associated with a given

segment, returning only that portion on a particular segment.

METHOD

SBF is very similar to routine TBF. Both routines evaluate the current

expansion functions. However, while TBF stores the coefficients for each

segment on which a given expansion function is non-zero, SBF returns the

coefficients for only a single specified segment.

In the call to SBF, I is the, segment on which the expansion function is

centered. IS is the segment for which the function coefficients A., B and

C are requested. These coefficients'are returned in MA, BBO CCO respectively,

Refer to TEF for a discussion of'the coding and variables. One addi-

tional variable in SBF -- JUNE -- is set to -1 or +1 if segment IS is found

connected to end 1 or end 2, respectively, of segment 1. .If I a IS and

segment I is not connected to a surface or ground plane, then JUNE is get to 0.
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I SUBROUTINE SBF (1,IS.AABBCC) so
2 C COMPUTE COMPONENT Or BASIS FUNCTION I ON SEGMENT IS. SO 2
3 COMMON /DATA/ LD.Nt.N2,N.NP.MI,M2,M.MP.X(3OO),Y(3OO),Z(3OO).SI(3Oo SB 3

4 ).BI(SO0).ALP(30O).9ET(30O),1CON1(300),ICON2(3OO),IIAG(3Oo).ICONX( 5e 4
11 2S00).WIAMIP-,fM 19 5

6 IiAIA I'!/3,14151126'4/,-IMAM/3l)/ aI3
I AAxO. S 7
a 99.0. 58 a
9 CC~O, so 9
10 JUNE-C so 10
Ii JSNO=0 SB i1
12 PPuO. SO 12
IS JCOX*ICONI(Z) so is
14 IF (JCOX.GT.10000) JCCX=I SO 14
I5 JCNDu-1 so 15
IS IENDm-- so 16
17 510.-I. SB 17
Is IF (JCOX) 1,11,2 so is
19 1 JcOx.-jcOx sB 19
20 GO0TO3 SB 20
21 2 SIO-SIG SB 21
22 JENO--JEND SO 22
23 3 JSNOnJSNO*1 SB 23
24 IF (JSNO.GE.JMAX) 00 TO 24 SO 24
25 DuPI*SI(JCOE) SB 25
26 SOHNSIN(D) SB 26
27 CDt~wCOS(D) SB 27
26 SDU2.*SDI4'CDH $B 28
29 IF (D.GT.0.015) 0O TO 4 SB 29
30 OWC=.*DO0 5B 30
31 OMCu((1 .38588889E-3*OMC-4.116186666671-2)*OMC+.S)OOMC SO 31
32 GO0TO5 SB 32
33 4 OMCzI .-CDOICDH+SDHOSDH so 33
34 5 AJEI,/(ALOG(1,/(FY*BI(JCOX)))-,577215664) SB 34
35 PPvPP-OMC/SD*AJ SB 35
36 IF (JCOX.NE.IS) GO TO 6 so 36
37 AAxAJ/SDOSIG SB 37,
38 BBuAJ/(2.$COI') 2938

39 CC*-AJ/(2.*SOH)OS10 so 39
40 JUNEmIEND SO 40
41 6 IF (JCOX.EQ,z) GO TO 9 SB 41
42 IF (JEND.EO,1) GO TO 7 SB 42
43 JCOX=ICON¶ (JCOX) so 43
44 GO TO 8 SB 44
45 7 .JC0X=XC0N2(JCOX) sB AS
46 8 IF (IABS(JCOX).EO.I) GO TO 10 SB 46
47 IF (.JCOX) 1.24.2 SB 497
48 9 IF (JCOX.EQ.IS) 99=-88 SB 48
49 10 IF (IEND.EQ.i) G0 TO 12 sB 49
50 Ii PMX-PP se 50
51 PP=O.. sB 51
52 NJUNlwJSNO 59 52
53 JCOX=ICON2CI) SB 53
5A IF (JCOX.GT.10000) JCOX=I 59 54
55 JENOIl SB 55
56 IEN~wi so 56
5' S10.-I. SO 57
58 IF (Jcox) 1.12.2 sB 58
59 12 NJL¶N2wJSNO-NJUNi so 5
60 0=PIOSI(I) so 60
61 SOI4.SIN(O) SO 61
62 CDH.=COS(D) S9 62
63 SDz2.*SDOCDH SB 63

ZA CD=CDH*CDH-SDH*SOHSO6



S BF

65 IF (O.GT.O.o15) GO TO 13 so 65
66 Oh4Cm4.*0*D SO 66
67 OiAC=(C¶ .3888869E-3'OMC-4, I6666666S7C-2)e0..4C+.5)eOMC S9 67

68 GO TO 14 Se em69 13 OMCn.1-CD so 6970 14 APaI ./(ALOO(1 ./(PZ'BI(Z)))-.5772¶5664) so 7071 AJwAP SB 71
72 IF (NJUNI.cO.O) 00 TO 19 SO 72
73 IF (NJUN2.cO.o) GO TO 21 so 73
74 QPUSD*(PM*PPeAJ*AP)+CD@(PMeAP-PP.AJ) S0 74
75 QMn(AP*OMwC-PP*SD)/OP so 75
76 QPO-(A.JOOMC+PM$S0)/GP so 76
77 IF (JUNE) 15.16.16 so 77
78 15 AA=AAOQM so 7879 0909940m so 79
so CeaCCooi SB 80
of 00 TO17 SB 81
82 I6 AAm-AA*QP SO 82
e3 *DOW9*QP so 83
84 CC=-CCOQP so 84
85 17 IF (I.NE.IS) RETURN so 85
86 In AA=AA-1. S9Be8
87 80=BB+(AJ$OM+AP$OP)*S014/SO so 67
88 CCinCC+(AJ*QM-AP*QP )*CDH/SO SB so
89 RETURN SO 8s
t0 It IF (NJUN2c.Eo.) GO TO 23 sB 90
21 OPUP!$8Z(I) 58 91
92 XXZOQP*OP 5B 92

94 QPu-(OMC+XXI.SD)/tSo.(AP.XXXePP).CD.(XX1eAP-PP)) SB 94
95 IF (JUNC.NE.1) OC 0 20 5o 95
go AA*-AA*OP so 96
97 90MOB*QP SO 97
96 CCU-CCOQP SB 98o99 IF (!,NE.Is) RETURN so g9
100 20 AAuAA-I, so 100
101 D=CD-XXI*SO so 101
102 BBu9BB(SDH+AP*0P*(C0H-XXIOSDH))/D SO 102
103 CC=uCC+(CrH+AP.QP.(SDH.+XXIeCDH))/D so 103
104 RETUJRN SB 104
105 21 OM=PI'II(I) SB 105
106 XXICOMOOM sB 106
107 XXI=Om*(1.-,S$XXI)/(I,-XXZ) S9 107
108 QMw4(OMC+XXIOSD)/(SD (AJ-XXI*PM)+CD*(PM+~XXZAJ)) so l08
109 IF (JUNE.NE.-1) GO TO 22 so 109
110 AAuAA4OM so 11O
Ili 88=8800M so Ill
112 CC=cCC'M S9 112
113 IF (1,NE.IS) RETURN so 113
114 22 AAuAA-I, so 114
115 DaCD-XXI*SD so 115
116 B~UBB+(AJ*QM*(COH-XXI'SDH)-SON)/O so 116
W1 CCaCC+q(CDH-AJ*Qkde(SDN4.XXIeCOH))/0 SO 117
118 RETURN SB ¶18
119 23 AA-.-1 so 119
120 0PEPI*UI(Z) SO 120
121 XXISOPOOP S0 121

123 CCzi */(CDH-XXIOSOH) 59 123
124 RETURN 59 124
125 24 PRINT 25, 1 SO 125
126 STOP Se 126
121 C SB 127

128 25 FORMAT (43H~ SOF -SEGMENT CONNECTION ERROR FOR SEGMENT,15) S ~
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129 END SO 129-
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SECOND

SECOND

PURPOSE

To obtain the time in seconds

METHOD

This subroutine acts as an interface of the computer system's time

function and the NEC program. The system time function is called, the

number is converted to seconds, and returned to the NEC program through the

argument of subroutine SECOND. On CDC 6000 series computers, the system time

function is SECOND and is called by the NEC program. This subroutine is,

therefore, omitted on CDC 6000 computeru.

CODE LISTING

I S~eqOUTINCICCS[ON ITt K[

Call system time function and set T equal to time in seconds.

9 RETURN SE 9
1o END K 10-
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SFLDS

To eviluate the SommerfeLd-integral field components due to an

infinitesimal current element on a segment.

M4ETHOD

The coordinates of the segment are stored in,,4CO0$N/DATAJ/, iThe current,

element, at a distance T from the center of the segment is located at (XT, YTI

ZT), From SL16 to SL42 the p, 0 and a coordinates of the .field evaluation

point (X0, YO, ZO) are computed in a coordinate system with the -axis passing

through the curronL element and 0 = 0 in the direction of the segment

reference direction projected on the xy plans. R2 is as shown in Figure 6

(page 160) and is the same as RI in Section IV of Part I.

The Sommerfeld-integral field is computed from SL85 to SIII by giving

R2 and •', with

tan- IS +

Lo subroutine INTRP. INTRP returns the quantities in equations 156 through

159 of Part I as

ERV 0

VEZ.V a I Z

EKH 1

EPH I IH

mnese quantitiea are then multiplied by exp(-jkR 2 )/R 2. The components for

a horizontal current element are multiplied by the appropriate factors of

sin q)o r cos ý and combined uith the components for a vertical current element

according to the elevation angle of the segment. Tnue lines SL94 to SL96 are

the 0, ;, and 4 components of the field of the current element. Those are

converted to x, y and z components and stored in E(l), E(2) and
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E(3). They are also multiplied by sin(kT) and cos(kT) for the sine and cosine

.urrent distributions and stored in other elements of E.

W4iien the separation oi the source legment and observation point is large

t:notuh LiuL the Norton approxixmation is uisd for tho field, the code froin SiL49

to •LUMO is executed. In this case SFLDS is called directly by EFLD, with T

equal to zero, and returns an approximation to the field of the whole

segment. The current is lumped at the center for a point source approximation.

GWAVE comput~es the total field including direct field and the asymptotic

approximation of the field due to ground. Since ZFLD has already computed

S2 k2 
-k2

- 1 2-
D k 2 +k2

1 2

these terms must be removed from the field computed by GWAVE. The direct

field ED is set to zero by setting XXl to zero before calling GWAVE. The

second term is. ubstracted from the field returned by OWAVE from SL59 to

SL63. The field components of a vertical (V) and horlzontal (H) current

element in the direction ; - 0 at the image ppint are

EV - (E + ET) sin e coo 6P R T

9 V w *Ecos 2-a . min2eZ R T

*H (ERsin 2 e E COSo 2 cos C
P RT

HH . UR + E T) sin 6 cos 9 cooEZ R T

H
E • E. E n s

wnere

E.R • -- ir1 exp(-jk2(2 )
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T , -p(-jkRk
"E T 2 3 (1 - k R2 + 3kR2 )

con b• - (a 4.')g

and current moment, I/A - 1.

The sin 0 and coo 0 factors are omitted to match the quantities

returned by GWAVE. Also, the fields of the horizontal current are reversed

since the image of the source is in the direction 0 a 160 deirees. These

quantities are multiplied by FRATI and subtracted from the fields returned by

GWAVE.

The total field, in x, y and z components, is stored from 8L70 to SL72.

S is the Length of the segment in wavelengths. Hence it is UL/0 2 when

i/x - 1. The current moment for a sine distribution is zero and for a

cosine distribution is sin(TS)/O1.

SYMBOL DICTIONARY

CPR 0 cos

E w array for returning field components

EPH aEH or IH

ER E

E T 0 E+ ,r

,H H

IZH " EH or IH

Z Z

Z V a or I

"i p

FK<ATI " (k 2 " k 2)/(k 2 + k 2
1iAL 2 1~ 2

•!!0H • .H for image of source current element
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HRV mEV

V
HZV a Hz

PHX a x component of

PHY a y component of *
PI a 11

POT w 7/2

RI w direct distance to source (met to arbitrary value)

92 a distance to image

R25 * (R2) 2

RHO 0 P

RHS a P2

RHX - x component of p

RHY a y component of p

RK a kR 2

SPAC - value of current or current moment

SPH - sin

T a distance from center of segment to current element

THET a g'

TP a 211

XT, YT, ZT a coordinates of current element

ZPHS _ (z + &')2

CONSTANTS

1.570796327 " 11/2

3.141592654 - 11

6.283185308 a 211
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I SUBROUTINE Sr~iS (T.c) S L
2 C SL 2
.3 C SFLDX 0tTURIJS THE F111,1 DUE 10 GROUND FOR A LUPOENT rLEMENT ON SIL
4 C THE SOURCE SEGMENT A7 T RELATIVE 10 THE SEOMWN CZNTER. SL 4
5 C SL 5
6 COMPLEX E,ERV,E2V,ERN,E7H,rpii,T1,CxK,EYxCzK,Cxs,Eys,ý.I.CXC,rYCCE SL 6
7 IZC.XXI,XX2,UU2,ZRATZ,?RATI2,ritATI,CR4 ET,HRVHZVHftH SL 7

H COMMON /DAIAJ/ S,HXJ,YJ,iJ,CAOJ,SAmJ05ALPJ,rxKK.IYK,r7k,Eix%,IYs,c2 SL 6
9 IS,LXC.I.YC,rC.RKHI,IFXK.INDI,1ND2,lPOND SL 9

1O COMMON /IN4COM/ XO,YO,20OSNX$N,YSN.ISNOR SL 10
11 COMMON /OWAV/ U,U2,XXI.XX2,PIR2,RMH,ZPlH SL 11
12 COMMON /GND/ZRATI,ZRATI2,rRATIICL,C$ISCRWLSCRWR.NRADLKsymp.ZrAR, SL 12
13 IzPcftr,TI,72 SL 13

14 DIMENSION E(9) SI 14
IS DATA PI/3,141592654/,TP/6.263155306/,POT/1 .570796527/ SI 15
Is X~mXJ4TOCAIJ SL 16
17 YTuYJ+TOSABJ SL 17
Is ZTNZJ+Y$SALPJ SL IS
19 RHX=XO-XT S L 19
20 RHYuYO-YT SI 20
21 RHSoRHXORHX4RHYORHY SL 21
22 RHOuSORT(RHS) SL 22
23 IF (RHO.GTO0.) GO TO I SL 23
24 RHX&I. SL 24
25 RH'In, 51. 25

26 PHXmO. SL 26
27 PHYmI * SL 27
26 G 0TO2 SL 26

29 1 RHXwAHX/RHO SL 29

s0 RHYaRHY/RHO SL 30
31 PHXm-RHY SL 31
32 PHYmRHX SL 32
33 2 CPH=RHX*XSN+RHYIYSN SL 33
34 SPHoRHYOXSN-RHXOYSN SL 3A
35 IF (ABS(CPH).LT.I .E-I0) CPHuO. SL 35
36 IF (ARS(SPH),LT.I.E-10) SPHwO. SL 38
31 ZPHuZO+ZT SL 37

36 ZPHSUZPHOZPH SL 38

39 R2SwRHS+ZPHS SL 39
AO R2nSQRT(R2$) SL 40

41 RKwR2*TP SL 41

42 XX2xCMPLX(COS(RK).-SIN(RK)) S L 42
43 IF (ISNOR.EOi) GO TO 3 SL 43
44 C SL 44
45 C USE NORTON APPROXIMATION FOR FIELD DUE TO GROUND, CURRENT IS SL 45

46 C LUMPED AT SEGMENT CENTER WITH CURRENT MOMENT FOR CONSTANT, SINE, SL 46
47 C OR COSINE DISTRIBUTION. SL 47

46 C IL 48

49 ZMHol, SL 49

50 RINI, SL 50~
51 xxt=O. SL 51

52 CALL OWAYE (ERV.CZVERHEZH.EPH) SL 52

53 CTU-(O. 4.77 134)'FRATI*XX2/(R2S*R2) SL 53

54 ERx2,*ET*CMPLX(1 ,RK) L 64
55 ETmET4CMPLX(I ,-RK*RI(,RK) SL 55
56 HRVn(ER*ET)$RHO$ZPH/R2S I L 56
57. HZVx(&'PHSCER-RHS4ET)/R2S SL 5'

so HRH=(RHS$ER-ZLPHS$ET)/R2S SL 58
59 ERYmERV-HAV SL 59
00 EZV=E7V-HZV IL 60
6' ERI-$.RH+HRII SL 61

62 EZHuEZH+HRV SL 62
63 EPH=EPH+ET SL 63
64 ERV=ERV$SALPJ SL 64
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85 EZVzEZV*SALPJ SL 55
66 ERNzERH*SN*CPH SL 66
67 EZH=EZHOSNOCPH SL 67
68 EPN=EPH*SN*SPH SL 68
69 ERNUERV4CRH SL 69
70 E(1 )m(ERH4RHX+EP¶4'PHX)*S S.7
71 C(2)x(ERHORHY+CPHIPHY)*S1 SLIt7

12 (3)&(EZV+tZH)OS SL 72
is E(4)"O. SL 731
74 C(5)O. SL 74
75 E(O)SO. SL 75
76 SFACvPX*S ~ 7
77 SFAC.SIN(SrAC)/SFAC $ L 77
76 t(7)mC(1)*SFAC SL '78
79 E(8)m[(2)sSFAC SI 79
s0 1(g)ftc(s)*S!Ac SL; 80
61 RETURN SI 81
82 C SL 82
65 C INTERPOLATE IN SOMMERFELD FIELD YAM~S SL 63
64 C SL 84
65 3 IF (RHO,LT.1,E-`12) 00 TO 4 SI IS
B6 TI4ET2ATAN(ZPH/RHO) SL 86
87 00OTO5 SL 57
88 4 THETuPOT SL 88
69 5 CALL INTRP (R2,,THET.ERV.12VERH.EPH) SL 89
to C COMBINE VERTICAL AND HORIZONTAL COMPONENTS AND CONVERT TO X,Y,Z SL 90
911 C COMPONENTS. MULTIPLY BY EXP(-.JKP)/R. SL 91
92 XX2mXX2/P2 SL 92
93 SFA~uSN*CPH St, 95
94 (RHoXX2$(SALPJ$ERV+SFACOERH) SL 94
95 EZNMXX2$(SAL.PJ4EZV-SFAC8[RV) SL 95
96 EPHwSN*SPH*XX2*CPH SI 95
97 C XY,Z FIELDS FOR CONSTANT CURRENT SL 97
98 E(1 )uERHORHX4.EPH*PHX SL 98
99 E(2)vERH*RHY4EPH*PHY SL 99
100 E(3)wEZH SL 100
101 RK=TPOT SL 101
102 C XSY,Z FIELDS FOR SINE CURRENT $L 102
103 SFACNSIN(RK) SL 103
104 E(4)nE(1)*SFAC SL 104
105 E(D)uE(2)$SFAC St. 105
toe F(6)uE(3)$SFAC SL 106
10", C XYZ FIELDS FOR COSINL CURRENT 5L 107
too SrAcUCOS(RK) SL ¶C0B
109 E(7)wE(l)dSFAC SL 109
iio E(B)uE(2)*SFAC SL 110)
ill E(g)=E(3)OSFAý SLIll1
112 RETUJRN SL 112
113 END~ SLIt!1-
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SOL4ý*

. URPOSE

rT solve for the basis functi6n amplitudes in the NGV procedure.

MTHOD

The operations performed here are described in the NGF overview, in

Section VI. SOLGF is called for eskher a NQF so*ution br a noemal Solution.

For the normal solution, or for a NGF solution vhen rid new sgmenti or sitches

have beon added, the solution is obtained by calling SOLVS at SF14.

Otherwise, the rest of the'code is executed.

The excitation vector XY is filled in the subroutine ET'tHNS in the order

1. Z on NGF segment& (NI elements)

2. E on new segments (N - NI elements)

3. H on NGF patches (2?I elements.)

4. R on new patches (2M'- 2M1 elements)

From SF18 to SF29 this vector is put in the order

1. E on NGP segments

2. R on NGF patches

3. E on new segmen tsI

4. H on new patches J 2

to conform Lo the matrix structure. From SF30 to SF36, zeros are stored in XY

in the locations opposite the rows of the C' matrix. Line SF37 then cori;putes

A -E 1  toring it in placo of EII
SF41 to SF52 computes E 2 - C A E, and storeo it in palce of

E2' Matrix C is read from file 15 if Pecessacy to form the product with

A El. From SF55 to SF80
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12 - in - CA- I]-l[2 - 1A- I |

is computed in the original location of E2. If ICASX is 4 the block

para,•eeurs Lur thu primary matrix are temporarily changed to those of

D - CA-1B so that LTSOLV, which uses the primary block parameters, canl

perform the solution procedure. From SF84 to SP95

1 A A 1 - (A18)12

ii computed. The reordering step at the bsgitid of $OLOF is then reversed

from SF98 to SF107 to put the solution vector it% Ot order

1. amplitudes of NGF basis functions

2. amplitudes of new basis functions

3. NGF patch currents

4. new patch currents

5. amplitudes of modified basis functions for NGF segments that connect

to new segments

b. meaningless values associated with B

Finally, from SF109 to SPF13 the amplitudes of the modified basis functions

are stored in place of tne NGF basis functions that were set to zero.

$Y1,dOL DICTIONARY

A - array for matrix AF

- array starting just after A in CM (used for factorino

D - CA IB for ICASX a 2, 3 or 4)

C - array for matrix C

1) - array used for factoring D - CA- 1 B when ICASX = I

ICASS w saved value of ICASE

IFL w file in which blocks of AF are stored in descending

order (ascending order is always on 13)

IP - array of pivot element indices

, w number of patches

-322-



SOLOF

MI - number of patches in NOF

MP * number of patches in one symmetric section of the NGF

st ructure

N r numbar of ogmeonts

NI a number of sutments in NGC

NIC = number of unknowns in NGF (NI + 2M1)

M- N + I

N2C a number of new unknowns (order of D)

N4BLSYS a saved value, of BSLSYh

NEQ * total numbar of unknowns (NOF and now)SI ! .

N&QS a number of Golomns in. I and B
e w as

NLSYS " saved value of NLSYI4

"NP a -number of soeligats ina symmetric section of the NGP

structure

NPSYS * saved value of NP$&Yt "

sum sum'maion variable ••r ,matrix products

X¥ • excitation and solution 'vector
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I SUBROUTINE SOLGF (AB,.cDoýy..zr,NPNl,N.M,Mp,NMNICN2C) SF2 C SOLVE FOR CURRENT IN N.G.F. PROCEDURE SF 23 COMPLEX A,B,C.DSUM,XY.Y Sr 34 COMMON /SCRATWM/ Y(600) SF5 COMMON /SECJ/ AX(3O)iSX(30),CX(30),qJCO(3O).JSNO.ISCON(50),NSCONIP SF 56 ICON(10).NPCON 
Sr 67 COMMON /MIATP*R/ TCASENBLOKS,NPBLI(,NLAST,NBLSYMNPSYM NLSYM.IAEAT I SF 78 ICASXSNBBXNPBXSNLBXNSBALNPBLNLBL 
SF a9 DIMENSION B(NIC,l), C(NIC.I), o(NWe,), IP(l), XY(l) sr v10 IFLmI4 
Sr 1011 IF (ICASX.OT.O) IFLml3 SF it12 IF (N2C.GT.O) 00 TO I SF 12is C NORMAL SOLUTION. NOT N.0.F. SF 1.314 CALL SOLVES (A.IPSXY.NIC.I.NP,NIMP,M,13,IFL) SP 1415 00 TO 22 sr 1516 1 IF (NI.CO.N.OR.MI.EQOo) 00 TO 5 5F 1617 C REORDER EXCITATION ARRAY SF 17Is N2.NI+l 
Sr Is1 JwaN+i 
SF 1920 NPMoN+2*Ml 
SF 2021 DO 2 IuN2,NPM 
SF 2122 2 Y(I)EXY(l) 
SF 2223 JuNI 
SF 2324 DO 3 I=JJ,NPM 
SF 2425 JUJ+1 
SF 2526 3 XY(J)uY(I) 
SF 2827 DO 4 IwN2,N 
SF 2728 JuJJ~1 
SF 2829 4 XY(J)wY(I) 
Sp 2930 5 NEQSuNSCON+20NPCON 
SF 3C031 IF (NEOSJ.CQ.) 00 TO 7 SF 3132 NEO-mNlC4N2C 
Sr 32

33 NCQSUNEQ-NCQS4I 
SF 3334 C COMPUTE ZNV(A)E1 
SF 3435 DO 6 IwNEQSNtQ 
SF 3536 6 XY(I)N(O.,O.) 
SF 3537 7 CALL SOLVES (AIP,XYNIC.¶ *NPNI.MPMI,13.ZFL) SF 37so1 Nl=O 
SF 3839 NP~nNPBL SF 3040 C COMPUTE E2-C(INV(A)E1) SF 4041 DO 10 JJcINBBL 
SF Al42 IF (JJ.EONBBL) NPB=NLBL SF 4243 IF (ICASX.GT.¶) READ (15) ((CCC!J),I=INIC).JD1.NPB) SF 4344 IImN1C+NI 
SF 4445 DO 9 Iw1 ,NP6 SF 4546 SUMN(O.0.,) 
5F 4647 00 8 J=1,NIC 
SF -1?48 8 SUM=SUM+C(JIl)oxy(j) 
SF 4849 J1911+1 
SF 49so 9 XY(j)wxY(j)-SUM 
SF r s51 10 N~aNI+NP9L 
SF 5152 REWIND 15 SF 5253 JJL-NIC*1 
SF 5354 C COMPUTE INV(D)(E2-C(INV(A)EI)) u12 SF 5455 IF (ICASXGT.1) GO TO 71 3F 5556 CALL SOLVE (N2CýD.IP(JJ),XY(JJ),N2C) SF 5657 G0 TO 13 SF 5758 11 IF (ICASXEQ.4) GO TO 12 SF 58so NImN2C'N2C 
SF 5960 READ (11) (BCJ.1),Jnl,Nl) 3F 0;061l REWIND 11 
SF 6162 CALL SOLVE (N2C.,I~P(sJJ)gXY(JJ),N2C) SF 8263 GO TO 13 SF 6364 12 N8LSYS=NBLSýM 
SrF 64
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85 NPSYSzNPSYM SF 65
66 NLSYS=NLSYM SF 66
67 ICASS=ICASE SF 67
be NBLSYM=NDBL SF 68
69 NPSYM=NrBL Sr 69
70 NLSYMwNLSI. SF 70
71 ICASE=3 Sr 71
72 REWIND Il SF 72
73 REWIND 16 5F 73
74 CALL LTSOLV (d.N2C.IP(Jj),XY(JJ).N2C,1,1I,18) SF 74
75 REWIND 11 SF 75
76 REWIND 16 SF 76
77 NSLSYMuNSLSYS SF 77
78 NPSYMSNPSYS SF 78
79 NLSYMONLSYS SF 79
80 ICASEuZCASS SF 80
81 13 NIwO SF 81
82 NPBUNPBL SF '82
83 C COMPUTE INV(A)CI-(INV(A)9)12 11I SF 83
84 D0 18 JJmt NBlL SF 84
85 IF (JJ.CQ.NBBL) NPORNLOL SF 85
Be IF (ICASX.OT.1) READ (14) ((8(IJ).Iu¶,NtC).Jz¶,NPO) SF Of
87 IIwNIC+NI SF 87
88 DO 15 191,NIC SF 86
89 SUM=(O.,0.) SF as
90 00 14 JUl ,Npe SF 90
91 jpmII+j SF 91
92 14 SUMvSUM+6(,.j)*xyCjP) SF 92
93 Is XY(I).Xy(I)-SUM SF 93
94 16 NIrNI+NPBL VF 94
95 REWIND 14 SF 95
96 IF (N1.EO.N.OR.M1.EQ.O) GO TO 20 SF 96
97 C REORDER CURRENT ARRAY 9.F 97
98 DO 17 IwN2,NPM SiF 95
99 17 Y(I)=XY(Z) SF 99

101 I X~J)NI) &F 104
102 DO 19 1uN2,N1C S;F 102

¶6 J=J+l sV 106

107 19 xYCJ)=Y(I) SF 107
108 20 IF (NSCON.EO.O) GO TO 22 SF 108
109 J=NEQS-I SF 109
110 DO 21 I=I.NSCON SF 110
lii J=J+1 SF III
112 JJ=ISCONUl) SF 112
113 21 XY(JJ)mwNY(J) SF 113
114 22 RETURN SF 114
115 END SF 115-
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SOLVE"
I'LUR P'W;"I' 0

To solve the system LUx - B, where L is a lower triangular matrix with

ones on the diagonal, U is an upper triangular matrix, and B is the right-hand

side vector (RHS)..

METHOD

The algorithm used is described on pages 409-415 of ref. 1. The solu-

tion of the matrix equation LUx a B is found by first solving

Ly a B, (3)

and then

Ux W y, (4)

since

LUx - Ly w B

The solution of equations (3) and (4) is straightforward since the matrices

are both triangular. The solution of equation (3) can be written

S b- yj i= j, . n.l /1 i.-•l1

Equation (4) can be written similarly.

The L and U matrices are both supplied by the subroutine FACTR and are

stored in the matrix A, the l's on the diagonal of L are suppressed. Care

must be exercised in the solution, since rows were interchanged during

factorization, and this necessitates rearranging the RHS vector; furthermore,

the L matrix iLself is not completely rearranged. The information pertinent

to the row rearrangements has been stored by FACTR in an integer array (0?),

and it is used in the computations. The final solution of the equations is

overwritten oa the input RHS vector B.

The only differences between the coding in SOLVE and the coding

su'ggested in ref. ? are: (1) double precision variables are not used for

the accumrulation of sums, since, fov the size of matrices anticipated in core,

the computer word length is sufficient, and (2) the transposes of the L and U 0
m•tricýes are supplied in A. by FACTK, Thus, the row and column indice5ý used in

the routine are reversed to account for this transposition.
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CODING

5015 - S025 The solution fnr y in equation (3).

S029 - S039 rhe solution for x Jn equation (4) and the storage of the

sulution in R.

SYMBOL DICTIONARY
A - array contains the input L and U matrices

B a array contains the input RHS and is overwritten with the

solution

I - DO loop index

IP a array contains row positioning information

IPI I + 1

J - DO loop index

K * DO loop index

N = order of the matrix being solved

NDIN m dimension of the array where the matrix is stored NDIM, > N °

PI - intermediate integor

SUM - Intermediate variable

y r scratch vector
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SUBROUTINE SOLVU (N,AIP,B,NDOM) so 1
2 C SO 2
3 C SUBROUTINE TO SOLVE THE MATRIX EOUATION LUeX=B WHERE L IS A UNIT SO 3
4 C LOWER TRIANGULAR MATRIX AND U IS AN UPPER TRIANGULAR MATRIX BOTH 50 4
5 C OF WHICH ARE STORED IN A. THE PHS VECTOR S IS INPUT AND THE SO 5
6 C SOLUTION IS RETURNED THROUGH VECTOR B, (MATRIX TRANSPOSED. SO 6
7 C SO I
a COMPLEX A,UY.SUM so a
9 INTMER PT SO g

10 COMMON /SCRATM/ Y(600) so 10
11 DIMEUSION A(NLIIM,NDIM), IrP(NDIM), G(NDIM) SO 11
12 C SO 12
1I C FORWARD SJBSTITUTION SO 13
14 C $0 14
15 DO I ZIl,N so Is

16 PIVIPNI) SO 16
17 Y(:)uB(PI) 50 17
16 p(P1)wB(I) so is
19 IPiuI+t SO 1J

20 IF (ZP!.OT.N) 00 TO 2 $0 20
21 DO I J*IPI,N SO 21
22 B(J)uB(J)-A(I,)'(Z) SO 22
23 1 CONTINUL SO 23
24 2 CONTINUE SO 24
25 31 CONTINUE 50 25
2t C SO 25
2• C BACKWARD SUBSTITUTION SO 27
14 $0 28
29 DO 6 KulN SO 29
30 ImN-K÷i SO 30
31 SUM*4(O.O,) SO 31
32 IPI sI+1 SO 32
33 I7 (IPI.GT,N) GO 0 5 SO 33

$4 00 4 JnZPIN 60 34
35 SUM2SUM÷A(JI)$B(J) SO 35
36 4 CONT7NUE sO 36
37 5 CONTINUE SO 37
38 B(I)m(Y(I)-SUM)/A(II) so sa
so 6 CONTINUE so 39
40 RETURN SO 40
4' END $0 41-
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* PURPOSE

To control solution of the matrix equation, including transforming and

reordering the solution vector.

METHOD

When SOLVES is called, the array B contains the excitation computed by

subroutines ETHNS or NETWK. The exciting electric field on all segments is

stored first in B, followed by the magnetic fields on all patches. In

the case of a symmetric structure, however, the matrix is filled with

the coefficients of all segment and patch dquations in the first symmetric

sector occurring first. These are followed by the coefficients for

successive sectors in the same order. This order is required for the solution

procedure for symmetric structures described in section 1114- of Part I. For

the case of a symmetric structure with both segments and patches, SOLVES first

rearranges the excitation coefficientp in array B to correspond to the order

of the matrix coefficients.

For symmetric structures, SOLVES then computes the transforms of the

subvectors in B according to equation (88) of Part I. Subroutine SOLVE or

LTSOLV is then called to compute the solution or solution subvectors, The

procedure is selected by the parameter ICASE as follows.

1 Nu symmetry, matrix in core. SOLVE is called for the solution.

2 Symmetry, matrix in core. SOLVE is called for each subvector.

3 No symmetry, matrix out of core. LTSOLV is called for the solution.

4 Symmetry, complete matrix does not fit in core but submatrices do,

SOL\E is called for each subvector after first reeding the appropriate

submatrix from file IFLI.

5 SyNmmetry, submatrices do not fit in core. LTSOLV is called for each

subvector.

SOLVES then computes the total current by inverse transforming the subvectors

by ('.,ution (115) of Part I. For a oyu~metric structure with segments and patches,

SOLV',',S then rearranges the solution in array B to put all segment currents

first, followed by all patch currents, which is the order of the original

exciti-tion coefficients.
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Multiple right-hand-side vectors (NRH) may be processed simultaneously at each

step in SJLVES. This reducea the time spent reading files when LTSOLV is

called, and is used in computing A- L in the NGF procedure.

WiN) LN(o

SS22- S39 Rearrange excitation coefficients.

SS43 - S•56 Transform subvectors,

£563 - SS75 Solve for each subvector.

S881 - SS94 Inverse transform subvectors.

SS96 - SSII3 Rearrange solution coefficients.

SYMBOL DICTIONARY

A - array set aside for in-core matrix storage, i.e., factored

matrices

B u right-hand side; the solution is overwritten on this array also

ONOP ? decimal form of NOP

FNOORM I/PNOP

IFLI f £ile with matrix blocks in normal order

IFL2 '• file with matrix blocks in reversed order

"P array containing positioning data used in SOLVE

M number of patches

HP - number of patches in a symmetric sector

N a number of segments

NO1, * number of columns in array A

NEZQ a order of complete matrix

MOP a number of aymnmetric sectors

NP a number of segments in a symmetric sector

14PH, q u order of a submatrix

NRH a number of right-hand-side vectors in B

NROW m number of rows in A

.j.A a array containing the coefficients Sik in equation (89) of

Part I

sum - summation variable

Y w scratch vector
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I SUBROUTINE. SOLVES (A,IP.9,NEQ.NRH,NP,N,MPMIFLI.IFL2) ss
ký$S 2

3 c SUBROUTINE SOLVES, FOR SYMMETRIC STRUCTURES, HANDLES THE SS 3
4 1. TRANSFORMAlION Oý IHE RIGHT HAND SIDE VECTOR AND SOLUTION OF THE SS 4

0 MATRIX ro. SS 5
5 C SS 6
7 COMPLEX A.9,Y,SUM,SSX $5 7
a COMMON /SMAT/ SSE(16.16) SS 5
9 COMMON /SCRATM/ Y(G00) Ss m
¶0 COMMON /MATPAR/ !CASE,NULOKSNPILKNLAST,NBLSYM,NPSYM,NLSYM,IMAT,I SS 10
11 ICASX,NB9X,NPBXNLSXNUIL,NPIL,NLIL IS 11
12 DIMENSION A(l). IP(l), *(NEQ,NRH) SS 12
13 NPCOUNP+2*MP IS 13
14 NOPuNEQ/NPEQ SS 14
15 FNOPmNOP Is IS
i6 FNORMwl./FNOP S5 Is
17 NROW*NEO 53 17
Is IF (ZCASE.GT.3) NROWBNPEO SS is
ig IF (NOP.EO.1) 00 TO 11 SI 19
20 DO ¶0101 Il,NRH S$ 20
21 IF (N.CQ.O0OR.M.EQSO) 00 TO 6 SI 21
22 D0 ¶.1 miNE ISS 22
23 ¶ Y(I)wS(ZIC) S5 23
24 KK*2$MP SS 24
25 IAmNP IS 25
26 182N 55 20
27 JwNP 52
28 DO 5 Kul ,NOP IS 2B
29 IF GOE¶)0 TO 3 SS 29
30 00 2 1.1 NP SI 30
31 IAwIA+i 5S 31
32 II~l5 32
33 2 B(JIc)wY(ZA) SI 33
34 IF (K.MNOF) 00 TO S SS 34
35 3 DO 4 hal 14K II 35
35 19016+1 SS 36
37 Im41SS 37
38 4 9(JZC)=(WB II 36
39 5 CONTINUE SSs
40 C SS 40
41 C TRA14SFORM MATRIY EQ. RHS VECTOR ACCORDING TO SrMMETRY MODES 55 41
42 C SS 42
41 6 00 I :o SSp 43 3
4A DO 7 Kml ,N-OP $5 44

45 IAwI+(K-l)*NPEO SS 45
46 7, Y(K)AS(IA,IC) 55 46
4'7 Sum~y(l) II 47
49 DO 5 Ku2,NOP 3I 46
49 8 SUl~SUM+Y(K) 5S 49

5) B(j,IC)wSJM!rN0RM Sri 5C
Nt DO '0 Kc:,NCP 5S51S

IAwl+(k-1 )*NPEO SS 52
53 SUV=Y(1) S5 53
54 DO 9 Jw2,NOP SS 54

55 9 SUM=SUJM+N(J)*CONJc.(SSvtK.')) SS 55
!6 10 9(IAIC)c$JM'NORkf esS 56
5' 1! IF (ICASELT 3) Go TO 12 55 57
58 REWIND IrLI SS 5a
59 REWAIND IFL.2 53 59
6C 35 t60

61 c SOLVE EACH MODE EOJATO0N S5 61
6 C S~62

e1 : ~ ~K'-¶,NOP 55 03

64 1~ k- 5 64
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as 1921A iS 65
66 IF (ICASE.NE.4) G0 TO 13 is es
67 I=NPEQ$NPEO SS 67
6o READ (IFLI) (A(J),J-1.1) 55 65
Go tool SS Go
70 13 IF (ICASE.EQO3.OR.ICASE.EO.5) 00 TO 15 IS 70
71 0O 14 ICni.NRH IS 71
72 14 CALL SOLVE (NPEOA(IS),IP(IA),S(IAIC),NROW) SS 72
73 00 TO 10 SS 73
74 15 CALL LTSOLV (A.NPEQZP(IA),m(zA,¶),NEQ,NmR¶,zrL¶,zFLZ) SS 74
75 16 CONTINUE IS 76
76 IF (NOP.EQ,1) RETURN SI 76
77 C SI '77
78 C INVERSE TRANSFORM THE MODE SOLUTIONS SS 76
76 C SS 7,
80 00 26 ICma¶,NRH 55 s0
81 DO 20 1.1 ,NPEQ SS el
82 00 17 KIl,NOP SS 82
IS ZA;14(K-1 )$NPCO SS 83
84 17 Y( )EBI(AeZC) 55 84
85 IUMMY(1) SS 65
8s DO 18 Ku2.NOP SI so
87 Is SUMmSUM4.Y(K) SS 87
Go *(Z,IC)mSUM SS as
of DO 20 Kw2,NOP SS 8o
90 ZAnI+(K-i )SNPEO SS to
91 SUM y( 1) IS SIl
02 DO 19 Jm2,NOP IS 92
93 19 SUMESUM4Y(J)$55X(K1 J) SS 63
64 20 I(IAZC)mSUM SS 64
is IF (N.EQ.0,OR.M.EQ.0) 00 YO 26 SI 65
16 D0 21 Imt,NEQ SS g
67 21 y(I)OW(XC) SS 07
to kKu2*MP SI 68
69 ZA.NP 55 99
100 %BNN S5 100
101 JuNP IS 101
102 00 25 Kmi ,NOP SS 1102
103 IF (K.EQIl) 00 TO 23 IS 103
¶04 D0 22 1.1 ,NP S5 104
105 IAEIA+I Is 105
106 JwJ4I Is 106
107 22 B(!AIC)uY(J) 5S 107
¶0a ir (KEQ.NOP) 00 TO 25 Is 10u
t0o 23 00 24 1m.1 KK II ¶09
¶10 19.1941i 55 110
III Jiij*1 SI III
112 24 I(19,IC)=Y(J) IS 112
113 25 CONTINUE 55 113
114 25 CONTINUE SS 114
115 RETURN SS 115
lie END SS lie-
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PURPOSE

To evaluate the current expansion function associated with a given

segment.

METIHO)

The curr'ent expansion function is described in section I11-1 of Part I.

The parameter I is the number of the segment on which the function is centered,

On segment I and on all segments connected to either end of segment I, the

function has the form

f (s) =A j + B sin [k(e - sai + C cos ckn s - sa]

where j is the segment number. TBF locates all connected segments and stores

the segment numbers, J, in JCO in COHMON/SEGJ/. It computes Ail Bj, and C

and stores them in AX, BX, and CX, respectively, in the same location as was

used in JCO. Ail Bip and C for j - I are stored last In the arrays,

If ICAP a 0, the function goes to zero at an end of segment I to which

no other segment or surface is connected. If ICAP 0 0, the function has a

non-zero value at a free end, allowing for the current onto the wire end cap.

CODING

Equations and symbols refer to Part I.

TB9 - TB5S This code forms a loop that locates all segments connected

to the ends of segment I, first for end I (IEND - -1) and

then for end 2 (IEND a 1).

TB9 - TB16 Parameters are inicialized to start search for segments

connected to end 1 of segment I.

TB34 PP - P- for and I of segment I or P for end 2 of segment
iI,

TB35 - TB37 Equations (43) to (48) of Part I evaluated except for Q

AX(JSNO) - At/Q*

BX(JSNO) - B*

CX(J$NO) w C-

JCO(JSNO) = j

TH38 Exit from loop if segment I is connected to a surface or

"ground plane. Segment I will occur in COMMON/SEGJ/ twice
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in this case, once for the center of the expansion func-

tion on segment I and once for the part of the function

extending onto the image of segment I in the surface,

Line TB45 changes the sign of B for the image term. The

sum of the two parts of the function on segment I then

has zero derivative at the end connected to the surface.

7B39 - TB42 Check appropriate end of segment j to determine whether

it shows a connection to segment I (end of search) or

connection to another segment (multiple junction).

TS44 Continue search for connected segments (multiple junction),

TB46 Exit from loop after finishing search for both ends of

segment I.

TB47 - TB55 Store values for end I of segment I and initializo for end

2. Then return to previous loop.

TB59 - TB70 Evaluate functions of segment length and radius for

segment 1. For k/3 < 0.03, a series is used for 1 - cos k6,

where A a segment length.

TB73 - TB86 Final calculations if neither end of segment I is a free

end.

n89 - 'rln102 Final calculations for free end on end 1 of segment I.

TBI04 - T3i17 Final calculations for free end on end 2 of segment 1.

TBI19 - TLI26 Final calculations for free ends on both ends of segment 1.

TB128 Aj " -. for j - I in all cases,

SYMBOL DICTIONARY

AJ - ',a:

AP a r&

CD W Cos kL/

CUH w cus(kA /2)

D) a kA /2 o: cos k"Ai X I< ain 11A.

ICAP - flag to determine whether the function goes to zero at a frr-v

end

II *'.; 1 -1 during cilculations for end 1 of segment I and +1 for end 2,

.Icti,, -K .o ntuctuin lndc,

J FND) * -' If end . i, .'i of gr,, , L: Is r:lb iIu(cted to sepmont 1, +1 r •r m

!q Vonne •tl-I t. o sr,'me ;t .1
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JMAX - maximtum number or segments allowed in the expansion function.

This includos segment I and all segments connected to either end.

JSNOP w JSN + I

NJUN1 - N

NJUN2 w N+

OMC w I -cookM

PM a Pi
pp - P+

QM -Qj

SD -sin M2j

SDH - sin (kM%/2)

SIG = sign for calculation of A and C

XXI J ka(kaW(ka±) (small argument series used for Bessel functiops)

CONSTANTS

0,577215664 - Eulars constant

0.015 * 0.03/2

'.,3888889E-3 a 1/720

3.141592654 a IT

4.1666666667E-2 a 1/24
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I SUBROUTINE Tor (I,ICAP) TO 1
2 C COMPUTE BASIS FUNCTION I To 2
3 COMMON /DATA/ LDNIN2,N,NPMI.M2,M.HPX(300),Y(SOO),Z(300).SI(300 TO 3

4 ),87(300).ALP(3OO),SE1(30O),ICON1C3OO),ICON2(3O0l,ITAG(3OO),ICONX( To 4

6 COMMON /StCOJ/ AX(30),BX(30),CX(30),JCO(30).JSNOISCON(5O),NSCONIP To 6

7 ICON(1O),NPOON TB 7
a DATA PI/3,141502154/,JMAX/30/ TB a
9 JSNONO To a

10 PP.0, To 10
ii JC0XXXCONI(I) TB 11
12 IF (JCOX.GT.1OOOO) JCOX.! TO 12
13 JENDO-1 To 13
14 lINDa-1 TO 14
Is SIGN-1. To 15
16 It (JC0X) 1,10,2 ToIs¶
17 1 JCOXU-JCOX TB 17
Is 0070O3 TF Is
is 2 LIOU-SI To 19

20 JENDw-JENI To 20
21 3 JSNOnJSNO+1 TO 21
22 IF (JSNOGEiMAX) 00 70 28 TI 22
23 JCO(JSN(O)mJCOX Tb 23
24 Dmp15S(JC0X) TO 24

25 SOH.SZN(O) TB 25
28 COHrCOS(0) TI 26
27 SDm2ý*,SONCDH TB 27
28 XF (D.OTO.O15.) 00 TO 4 7928

29 6M~w4.4*D' TFI 29

31 00 TOby 3

32 4 ONCml ,-CDH'*,DH+S0H$SDH 79 32
33 5 Au/O(I(ZIJtQ))7256)79 '143
34 PmPOCD' Te 34
35 A)((JSNO)-A:J/SDOSXO TB 35
..3 I)((3NC)vAJ/(2.'CDH) To 30
37 dX(J5NO)v-AJ/(2'*%DH)'l0 TB 37

3* IF (JCOX.F0.I) 60Q TO 8 10 35

39 I (JrWIDA,CQ) 00 TO 6 TO 30
40 JCOXmICONI (JOOX) to 40
41 0070 TOTi 41

42 6 JCOXmZCON2(JCOX) TB 42
43 7 IF (TAIS(JCOX).E0.I') 00 TO I IS 43

44 IF (JCOX) 1,28,2 To 44
45 1 lX(J5NO)u-BX(JSNO) TO 45
AG 9 IF (1FNO.EQ.1) 00 TO 11 tB 46

47 10 pmu-pp la 47
48 pp".0 TO 48
49 N4UNi~jSNO To At

30 JC0XUICON2(I) ye 50
5I IF (.'COX.01.10000) JCQXwI 5u S

52 JFNDuul T 02
53 IENDmI To 53

54 $100-1, TE2 54
55 IF (JCOX) 1,11,2 TO 85
56 11 NJUNlwJSNO-NJLINi To 56

57 JSNOPaJSNO+i TB .17
be JCO(JSNOP)NI ye 58

52 00:031(l) 79 so
60 SOHmSIN(D) To 60
al CDN.COS(O) Tn V1

V $wl.SDH'CDH 18 62
$I CDwCDH0CCIN-snmoSOH TB 63
64 IF (0.0.0.015) 00 TO 12 TB 64
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65 OMC=4.*D~O TO 65
66 OMC=((1,3888589E-3*0h4C-4. l666666667E-2)$OMC+,5)*OMC TB 66
67 GO TO 13 TB 67
68 13 AP~zi./(L- 1/PCB()).57D64 TB 69
68 12 AOMC=.-cAOO./PBll)-57164 TB 68

71 I (NJUNi.CQ.O) 00 TO 16 TO 71
72 IF (NJUN2.CQ.0) 00 TO 20 TB 72
73 QPuSDO(PM'PP+AJ'AP)4.COO(PM'AP-PP@AJ) TO 73
74 Q~M(AP*OMC-PP*iSD)/QP TB 74
75 0Pm-(AJ*OMC+PhMOSD)/QP TB 75
76 *X(JSNOP)&(AJ*OM+APOOP)*SDH/Sb TB 76
77 CX(JSNOP)jm(AJ$OM-AP6OP)*CDH/SD TO 77
78 DO 14 ZENDmI.NJUN1 TO 78
79 AX(2CNO)EAX(!CND)ROM TB 79
so BX(%[ND)wOX(!CND)*QM TO 60
Ill 14 CX(ZENO)aCX(ZCNO)'QM To 81
62 J9NDmNJUNl1l T11 42
83 DO 15 !ENDeJEND.JSNO TO 63
84 AX(1FND)u-AX(ZCND)QOP TO 64
as BX(ZCNO)w9X(ZCND)*0P to as
i6 15 CX(ZEND)m-CX(IEND)fQP TO 86
87 00 TO 27 TB $7
88 is IF (NJUN2.co.o) 00 TO 24 TB 88
89 IF (ICAP.NE.0) CO TO 17 TO 89
go XXZUo. To 90
91 00 TO I8 TO 91
92 17 OPuPI$8Z(!) TO 92
93 XXIWQP$QP To 93
94 XXZMQP9(l,-.50xxI)/(1 '-XX!) TO 94
95 18 QPm-(OMC4.XX!'SD)/(SOS(AP.4XXZ*PP)+CD*(XX!SAP-PP)) TB 95
96 0.CD-XXZSOD TO 96
07 SX(JSNOP)u(SDH*AP*QOP(CDH-XX!OSDH))/D T 0 97
go CX(JSNOP)u(CDH+AP'QPS(SDH+XXI*CDH)),/0 TB 95
99 DO 10 ZCNbw1,NJUN2 TO 99
100 AX(IEND)w-AX(IEND)$0P TB 100
101 OX(!EN0)w9X(!EN0)*0P TB 101
102 1i CX(ICND)w-CX(IENo)*QP TO 102
103 00 TO 27 TO 103
104 20 IF (IcAP.NC.o) 00 TO 21 TB 104
105 XXI0.0 is 105

16 00 TO 22 TB 106
107 21 1ASPIS9I(Z) Tm 107
108 XXZVOM*QM TB 108
109 XX~woM4O(l -.50xxZ),/(1 -XXI) TO 109
110 22 0MUCOMC.XXI',SD),/($D'(AJ-XXI*Pm)+CD0(PM+XXIAJ)) TO 110
ill OaCD-XXIOS0 TOI ll
¶12 BX(J5NOP).(AJ*QM.(CDH.XXIOSIH)-SDH)/D TB M1
113 CX'JSNOP)u(CflI.-AJbQO4O(S0H+XXZ$CDH))/D TB 113
114 DO 23 UN~)u1,NJUN1 TI 114
115 AX(IEND)OAX(IENDO)OM TO 115
118 OX(1CND)wBX(!END)*OM TO 116
117 23 CX(ICNt))wCX(I[ND)$0M TO 117
1i8 00 TO 27 To ill
li9 24 9X(JSNOP)w0. To 119
!:0 IF' (ICAPNE0) GO TO 25 TB 120
121 XxImeO tB8 121
14^2 00 TO .26 r e 122
123 25 011010168(l) TB 123
'24 WoOuPOOF TO 124
125 XIO(1-5XT(1-V)TO 2
26 26 CX(JSNOP)w1./'(CDH-XXI*SDH) TO '26

127 27 JSNOujSN0P TO 127

128 AX(JSNO)m-"' TO 128
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129 RETURN TB 129
130 28 PRINT 29, 1 re 130
131 STOP TB 131
I A7 C IB 132
i31 a FURMA1 (43H IH SEGMENT CONNECTION ERROR FOR SEGMENT,15) iu 133
134 END To 134-
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PUKRIO3E

I To cfompute the relative difference of two numerical integration resuits

for the Romberg variabLe-interval-widtfi integration routines.

METHOD

The first numerical integration result is the complex number (FIR, FlI)

and the second is (FZR, F21). The real and imaginary parts of the two rasults

are subtracted and the differences are divided by the largest of F2R, F21,

DMIN or 10- . The denominator is chosen to avoid trying to maintain a

small relative error for a quantity that is insignificantly smail.

SYI•UL DICTIONARY

M16 u external routine (absolute value)

DEN a largest of IF2RI and IF211

DMIN * minimum denominator

FlI - imaginary part of first integration result

FIR - real part of first integratLon result

F21 - imaginary part of second integration result

F2R - real part of second integration result

T•I - relative difference of imaginary parts

1TR relative difference of real parts

CONSTANT

l.E-37 = tolerance in test for zero
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TEST~

SUBROUTINE TEST (FIF'2R,TR.F11.F?I,TIDMIN) TE 1
2 C TYE 2
3 C TEST FOR CONVERGENCE IN NUMERICAL IN.TEGRArION TE 3
4 C T E 4
5 DEN=ABS(F2R) TE 5
A I pfAIS(F2 I) YE I 6
7 IF' (DEN.LT.TR) DENxTR TE 7
$ IF (OEN.LT.DUIN) DENsOMIN YE 8
9 IF (DEN.LT.1.C-37) 00 TO 1 TE 9
10 7RuABS((FIR-F2R)/DEN) TC 10
11 TIwA9S((F11-F2I)/DEN) YE 11
12 RETURN tE 12
13 I TROO, TE 13
14 TIR0. TE 14
15' RETURN TE 15
1s END YE 16-
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TRIO

PURPOSE

To evaluate each of the parts of current expansion functions on a single

segment due to each of the segments connected to the given e*qukcnt.,

METHOD

TRIO consists of a loop that uses the connection data in irraas ICON.,,

and ICON2 to locate all segments connected to saegment 3J Subroutipes BF is

called to evaluate the current expansion function centered Un each konnep',ed

segment and on segment J. Only the function coefficients for that prt, of,

each expansion function on segment J are return~ed and are stored'in atrays,

AX, BX, and CX. The number of the segment with which each expansio~n function

part is associated is stored in array JCO and the total number bf ixpansion

functions involved is stored as JSNO.

SYMBOL DICTIONARY

lEND w -1 during calculations for end 1 of segment J, and +1 for end 2

JCOX - number of a segment connected to segment J

JEND - -1 if end 1 of segment JCOX is connected to segment J; +1 if end

2 of segment JCOX is connected to segment J

JNAX - dimension of the arrays in COMMON/SEGJ/

I "'



TRIO

I SUBROUTINE TRIO (.i) rR 1
2 C COl0PU7lE THE COMPONENTS OF ALL BASIS FUNCTIONS ON SEGMENT J TR 2
.3 COMMON /DATA/ LD,N1.N2,N,NP,M1,M2,M,MPX(300),Y(30)O).Z(3OO),SI(300 YR 3
4 1).UX(30O),ALP(3OO),9ET(300),ICONI(AOO~),XC0N2(300).ITAO(3O0),ZCONX( TR 4
5 2300) ,WLAM,4PSYM YR 3

d COMMON /SEGJ/ AX(3O),BX(30),CX(30),JCO(3O),JSNOISCON(50),NSCONIP YR G
7 ICONCIO0),NPCON TR 7
0 DATA JMAX/30/ YR a

4 .SNOwO YR B
to JCOXNICONI(J) YR 10

II IF (JCGX.CT.lo0r0c) 00 TO 7 YR II
12 J[NDw-l YR 12
13 AU*NDW-l TR 13
14 IF,,(JCOX) 1,7.2 TR 14
Is JCOXw-jCOX YR IS
1f 00 TOS 3YT 16
17:2 JEND=-JENO TO 17
I8 3 IT (JCOX.EQ.J,%) 00 TO 6 TO 18
19 JSNOwJSNO+1 YR 10
20 IF (JSNO.OE.JMAX) 00 TO 9 YR 20
21 CALL SST (JCOX.,JAX(.JSNO),9X(.JsNO).CX(JSNO)) YR 21
22 .JCO(JSNO)mJCOX YR 22
23 IF (JEND.EEQ1) 00 TO 4 TR 23
24 JCOXMICOhi(JCOX) TR 24
25 00 TO5 YR 25
26 4 JCOXuICON2(JCOX) YR 26
27 5 IF (JCOX) 1.2.2 TR 27
25 6 IF (IENO.CO,1) 00 TO a TO 28
29 7 JCOXwICQN2(J) YR 29
30 If' (JCOX.0T.IO0UO) GO TO 5 YR 10
31 JEN~uI TR 31
.32 IEPIDm1 TR 32
33 IF (JCOX) 1,8.2 YR 33
34 8 JSNOmJSNO4I YR 34
35 CALL SIF (JJ,AX(JSNO),8X(JSNO),CX(JSNO)) YR 35 @

4036 JCO(JSNO).J YR 36
37 RETURN TR 37
38 9 PRINT 10, ,J YR 38
so STOP YR 39
40 C YR 40
41 10 FORMAT (44H TRIO -SEGMENT CONNENTION ERROR FOR SEGMENT.15) TR 41
42 END TR 42-
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V ERE

UNEER!

. PURPOSE

To calculate the electric finld due to unit currents in the ^1 and

directions on a surface patch.

METHOD.

The electric fie'ld due to a patch j "a. caicul, ted by the exproesion

- ) - 77•O 1 -J•l L•

.13+1TRtX5 - 41t (R/./X) e3;p(-127rR/X)

where i+T, *J . • .j , R is the vewtor from the, source to -the,

observation pqint, and AA is the area of the patch. For UNRE, Jij'and J2j
j2

are unity. The expre'aion ebove for a single patch Is obtained from the

ourface Integral in equation (3) in Part I where constant current atd one step

integration arm used for the pAtch.

CODING

UE14 - LVE20 z components of patch parameters are adjusted for direct

or reflected fields.

UE25 - U232 For R < 10 , the fields are *et to zero.

UE34 ,- bE47 Expression for E is evaluated fnr Jj equal to t and t2'

UEt5 - VlE55 For reflection in a perfect ground,E is reversed in sign.

)E• 5- Vj79 For reflection in an imperfect ground, E is multiplidd by

the reflection goefficients.

SYMBOL DI.TIONARY

C2'~ST 2

T a* coo '3 is th• angle b etw:een the reflected ray and the nortral

to the suifara.

EDP - ^P)(R 1 343
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UNERE

ER *7•2 exp(-i 2r R/X) AA2 at UE37

-,Q2 (tIj . 1/X) at UE40

A Q (t I/X~) at U1E44

EXK

EYK E E due to current t

EZK

EXS

EYS -E due to current t2j

UZS

IPOND a flas to cause computation of reflected field when equal to 2

PX a p; unit vector normal to the plane of Incidence of the

PY reflected ray

12 , i,2R/X + 472(R/A)) 2  (ER)

Q2~~ + [3+61RA) - 47r2(R/X) 2 J( )Q ((ER)

R =R/),
RRH - HX

RRV R I 3

RT (R/),)

RY "/

"R2 *
R2 (R/X),2

S AA/X 
2

TIYJ * j
T1ZJ

T2XJ

T2YJ t2j
T2ZJ
TPI 2r

MT -2TTR/A

TT2 -4 2 (R/ ).-2
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XOB

YOB - field evaluation point

ZOB

XYMAG - malnitude of the projection of P/X oýito the x-y plane

ZR - z component of i/X after reflection

CONSTANTS

4.771341188 4

6.283185308 2w
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UtNERE

I SUBROUTINE UNERE (XOuYOU,ZOB) UN 1
2 C CALCULATES THE ELECTRIC FIELD DUE TO UNIT CURRENT IN THE T1 AND T2 UIN 2
3 C DIRECTIONS ON A PATCH UIN 3
4 COMPLEX £XK,CYK,EZK,EXS,EYS,CZSEXC,EYC,EZC,ZRATZZRAT12,TI,ER,QI, UIN 4
5 102ARVRMEMHI PrRATI N
* COMMON /DAYAJ/ SS,XJYJ,ZJ,CAIJ,SASJ1 SALPJ,EXK,EYK(,IZN,(XS,EY5,CZ UN 6
7 15,EXC,EYC,EZC,RKt4,IEXK,INO1IN02,ZPGND UN 7
* COMMO0N /OND/ZRATI,ZRAT12,FRATI.CL.CH,SCRWL,SCRWR,NRADL,XSYMP,ZFAR. UN a
* IZPERF,TI.T2 UN 9
10 COUIVALENCE (TIXJ,cAIJ), (TIYJSAIJ), (TIZJ,SALPJ), (T2XJ,l). MTY UN 10
11 1J,INDI), (T2ZJIN02) UN il
12 DATA TPZCONST/G.283185305,4.77134i151/ UN 12
13 C CONSTmETA/(l.'Pl**2) UN 13
14 ZRuZJ UN 14
Is TizooT1ZJ UN 15
16 t2ZRoT2Zt UN 16
17 IF (IPGND.NI.2) 00 TO I UN 17
Is ZRm-ZR UN il
I, TIZRo-TIZR UN 19
20 T2ZRo-T2ZR UN 20
21 1 RXuXOb-XJ UN 21
22 RYEYOI-YJ UN 22
23 RZuZOS-ZR UN 23
24 R2uRX$RX4.RYORY+RlRZ UN 24
21 IF (R2.OT.l.E-20) 00 TO 2 UN 25
20 CXKu(0.,O.) UN 28
27 EYKu(O,40) UN 27
28 EzKo(o.00.) LIN 28
29 EXSiV(0".) UN 29
30 EYS(0.40.) UIN 30
3I CZSN(O.Io0) UN 31
32 RETURN UIN 32
33 2 RmSORTR2) UIN 33
34 TTlw-TPZ*R UN 34 *
35 TT2wTTI*TTI UN 35
36 RTwR2*R UN 36
37 ER.CMAPLX(SIN(TTI),-CO)S(TTI))*(CONSTOS) UIN 37
38 Q1.CMPLX(TT2-l ITTI )OER/RT UN 38
s9 02=CMPLX(3.-TT2,-3*$TTI).CR/(RT.R2) UIN 39
40 ER.02s(TlXJsRXTYJ&RY4TiZRRZ) UN 40
41 EXKuO¶*TIXJ+ERORX UN 41
42 EYKwOl*TlYJ+ER$RY UIN 42
43 EZKmOi*TIZR+ERORZ UIN 43
44 ERuQ29(T2XJ*RX+T2YJ$RY+122ZROZ) UIN 44
45 EXSEQ¶*T2XJ4CRORX UN 45

46 [YSwuQ1T2YJ+ER*RY UIN 45
47 EZSRO1'T2ZR+ER$RZ UIN 47
48 IF (IPONDEQI) 00 TO * UN 46
49 IF (IPERF.NE.1) 00 TO S UIN 49
50 EXKm-EXK UIN 50
51 CYKm-EYK UIN 51
52 EZKm:-EZK UIN 52
53 EXSm-EXS UIN 53
54 EYSm-EYS UIN 54
55 cZsm-EZB UIN 55
56 00 TO 6 U14 56
57 3 XYMAGNSORT(Rx$RX+RY$RY) UIN 57
be IF (XYMA0.GTl.LE-6) 0O TO 4 UIN 58
59 PXwO. UN 59
so PYno. UIN 50

61 CTHi, UIN 61
62 RRVu(1.,O.) UIN 62
63 00 TO 5 UN 63
64 4 P~m-RY/XYMAG UN 64
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UNCRE

65 PY.RX/XYMAG UN 65
66 CTHuRZ/SQPT(XYMAO*XYMAG+RZ*RZ) UN **
67 RRVuCSORT(1 .-2RATI*ZRATI*(I .-CTHOCTH.)) UN 67

$a6 5 RR~eZRATIOCTH UN 68

69 CXR*Cm(§NH-tV)/(RRP*PK UN 61
70 NRYst.ATK*RRV~EPP UN 40
75 NIZOuIZK*RftRV CHlRY UN 75
76 COPn(9KOIPX4.CYX*PY)*(RRH-RAV) UN 7b
773 CXEtX6u~$RPV+OPGPX UN 77
74 [Y~uIYX*tRV+tDP*PY UN 78
70 EZS.CZS*mRV UN 75

g0 6 RETURN OW 80
V1 END UN I
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WIRE

WIRE

PURPOSE ,:+,

To compute segment coo rdilate,# to fill CQMMOtO/DATA/ for a str#ilht I ite

of sqgmon;$s.

METHOD

Thetý,fo ul, psamslerl' specify the beg ni 8lnd endinj points of th "

line and lthe aumber of segments into which it , l to m'e divided, Tho. code

S owepu te l. the coordlne.tes of the end points of each uasmaet. 1,he lengths of

aOc¢essi:ve ,egmeats are scaledf b the factor RDKL itf this factor is not one,

"Fot NS leiomnts, the length of ¢ie first segment is'

S L(I R . mEL) +

I1 - (RDEL. N

or S" L/OS if .DIL a 1
where L is the total length of wire.

The radius is RAO fur the fie,.t eogm~nt and is scaled by RRb_

SYMBOL DICTIONARY

DIELZ w segment length

FNS a real number equivalent of NS

IST a initial segment nuimbet

ITC - tag number assigned to all segments of th* line

NS a number of segments into which line is divided

RAD w radius of first segment

RADZ w segmant radius

RD, R'O)Eh a scaling faccor for segment length

RRA.D w scaling !actor for segment radiub

XD a inurement to x coordnston

x$1 - ;, coordinate of fitzt end of segment

XS2 v x coordirnate of seond end of segment

XkW a x coordinate o• f rot and of line

XW2 - x coordinate of 4ecortj end of line
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WIRE

X2(I) - x coordinate of end 2 of segment I

YD a increment to y coordinates

YS1 - y coordinate of iirst end of segment

YS2 a y coordinate of second end of segment

YWI a y coordinate of lirst end of wite

MW2 * y coordinate of second end of vire

Y2(1) " y coordinate of end 2 of segment I

ZD • increment to a coordinates

Z81 o• ,s coordineate of first end of segment

Z82 w a coordinate of second end of segment

ZWL a a coordinate of first end of Line

ZW2 • coordinate of second end of line

Z2(I) •a coordinate of second end of segment I

M0
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WI RE

I SUBROUTINE' WINE (WI,YWI,ZW',XW2,.fW2,ZW2,RAD.RDELRftAD.NS47TG) WI I
2 C WI 2
3 C SUBROUTINE WIPE OENCKAICS SttMENT GEOMETRY DATA POR A STRAIGHT WI 3
4 c WIRE OP KS SEGMENT$, WI 4

I )A (AOO0)',A'.P(J0)ý,Fr T(30) )ICON 1(300). XCONI(300). IAO(SOO)','CONX( WI I
4 2300)'WLk4,IPsvm ''w

I DI~MENSION X2ýlj'. Yý'(I),'2(l)W
10 VNulYAIANCt (2..s(1 (y2(i ).ALP()) (UIiE() WI 10

'4 ~ ~ a~ WI 14

12 If (NS-TN ) i5R WI 16

z~alw-2*1Wl 19

20~ IFIWI 20

22 X0vXD/O9LZ W;_ 22
23 IYO Y0/0ELZ '#'I 2S
24 20.Z0/PCLZ WZ 24

25 WI 15
26 N~RoRDL ,WI 20
27 00 TO0,2 WI I't
ua I rNswNs ,WI' 2o

3u YO&,Io/rr4s W: 30
.31 2D~OD/FNE W2 31
32 0ýLZi41 WI 32
.13 RDal. WI 33 1
34 RADVmf4AD ,l , W 4

ss XSI'..XWI WI 35
36 ys I ,'j~ WX !A
37 25tZwI WI 3~'

is 0D 3 1ImIS7IN WI 3;
39 ITAO(I)a~I0 WI 3o
40 XS2mXSI4XL)*DtLZ Wl 40
41 VS2mYS1+YD'D(LZ WI 41
42 ZSMZS+ZDODýLZ WI 42
43 X(I)'XSI Wl 43

45 Z(I)mzs~i WI 4t
46 X2(1,mXS7 Wl 46

47 Y2(1),PY52 WI 47
4s Zg(Z)mZS2 WI 48
49 bI(Z)mRADZ Wi 49
50 04LZu0ELVR0 V.'1 50
SI RAOZnRADZOPRAD WIt r¶l
52 XVluXý2 WI 52
53 YSImYS2 WI 03
54 3 ZSl¶"152 WI 54

bi 2(N)NXW2 W17 65
so 1.' 2(N) WVW2 Wl 56
57 Z2 2N)nZW2 wI 57
$B RETURN wl50

lp END Wi so-
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ZL NT

2INT

PURPOSE

To compute the internal impedance of a circular wire with finite

conrductivity.

METHOD

The internal impedance per unit length of a circular wire is given by

• Ber'(q) + jBei'(q)

vwhere

q b =m

,.. wire conductivity

* permeability o, free space

b w wire radius

"" frequency

Bar'

-3ei•* Ke1I vn functions

The t6m that wodifics tho diagonal matrix element Gi in the interaction

nitrhx is the total impedance of segment i divided by Ai/As where 6 - segment

length. ThusV, if Oi is the diagonal matrix element without loading, the new

alt•.ent is

G - (i/ -/X) - z V

Normnli.ed to wavelen•gth, this term iN

u .*(b/A) 4 1(O) L3er (q) + j~e (q)*j

where

- (b/•) v2-)cw(oT)

C veIoiitV of light
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ZINT

The Kelvin functions and derivatives of Kelvin functions are computed

from their polynomial approximations.

CODING

Z18 - Z115 Functions 8, 0, f, and & for large argument polynot¶ial

approximationr (see ref. 5).

ZT9- 7I26 Compute Der(q) + jBei(q) for q !. 8.

'ZI27-,ZI31 Compute Ber'(q) + JBei'(q) for q < 8.

Z132 [(er(q) + jBmi(q))/(Berl(q) + jBei'(q)J.

Z134 Bwr(q) + jBei(q)'for 8 < q 1 110,

ZI35 , Bet'(q) + ,jBei'(q) for 8 < q < 110.

Z136 (Ber(q) + 'Bee.(q)]/[Ber'(q) + jBei'(q)],

Z138 (Ber(q) + jBei(q)j/[Ber'(q) + JBe*'(q)3 for 110 < q <'

Z139 Computation of Z1.

SYMBOL DICTIONARY

BEI - Bei(q) or Bei'(q)

BER a Ber(q) or bert(q)

BRi - Ber(q) 4 jBei(q) or [Ber(q) 4. jBei(q)3/[Ber'(q) + Bei'(q)]

BR, - Ber'(q) + jAe1'(q)

CEXP a external routine [exp(cotml•ex srgument)]

CMOTP - cp/(27T)

CMPLX - eretrnel routine (forms complex number)

CN - (1 + )I*

D - function argument

F(D) - f(D) (see re', 5)

FJ -wj

G(D) " g(D) (see ref. 5)

PH(D) - O(X), D - 8/X (see ref. 5)

!'OT - r•

ROLAM - W

s - (X/8) 4

S1GL OX

3QRT external routino (square root)

Tii(P) 8 W(X), D - iX (see ref. 5)

Trr



ZINT

TPCMU - c - velocity of light
* X =q

Y - (X/8) 2

ZTNT Z

CONSTANTS

1.5707963 - 2i/

3.141592654 * f

6.283185308 = 21t

60. uCI/27r

2.368705E+3 *2•teU

;(o., 1.) =* j

(0.70710678, 0.70'110678) (1 1 .. ,.-"

(0.70710678, -0.70710678) imi t for q - m of [Ber(q) + jBei(q)]/
, ',', r l~~~(er'(q)•o ,+ j8e•. (q) ,. , , )

Other constants are factors in the polynomial' appro*imations.
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ZY NT

1 COMPLEX rUNCTION ZINT(SIGL.ROLAM) UI 1
2C c U
3 C ZINT COMPUTES THE INTERNAL IMPEDANCE OF A CIRCULAR WIRE ZI
4C c I
3 C zi 5 .
6 COMPLF.X TH,PH,.0,,FJ,CN.PRI,DP2 U 6
7 COMPLEX CC1,CC2,CC3tCC4,CC5,CC6.CC7,CC6,CCg,CC1O,CC11,CC12,CC13.CC 21 7
8 114 Zi a
9 DIMENSION rJX(2), CNX(2), CCN(28) Ui
10 EQUIVALENCE (rj,FJX), (CN,CNX), (CCl,ccN(1)), (CC2,CCN(3)), (CCS,c ZU 10
11 ICN(5)), (CC4,CCN(7)), (CC5,CCN(9)), (CCBCCN(¶1)), (CC7.CCN(13)), 2! 11
12 2(CC4.CCm(i$)), (CC2,ccN(17)), (CCIO,CCN(19)), (cCC1,CCN(21)), (CCI 2! 12
13 32,00N(23))f (CC13,CCN(25)), (CC141CCN(27)) Ui 13
14 DATA PI,'POTTP,TPCMU/3'.1415926,1.5707915,6.2831853,2.368705E+3/ ZU 14
Is DATA CMOTP/CO0O0/,FJX/O.,t.,/CNX/.7071O67S,.707¶0S78/ Ui Is
16 DATA CC/.-,.C6-.4-,.ES-.2-,0,9OE5-,l- le1
17 1.0..-9.'ý6SE-4,,01t04S6,-.Ol10485,0.,-.3S26299I.1.6C-6-3.2E-6,1,l7E UI 17
1S 2-5,-2,4E-6,3.46E-5.3.3SE-5,5.E-7,2.452E-4.-t.3S13E-3,1,3811E-3,-B, UI ia
19 32500¶E-2,-1.E-7,.7071066,.707l0OS/ 2! 19
20 TH(D):(((Ik(CC1*D+CC2)OD+CC3)*D+CC4)*D+CC5)SD+CC6)*D+CC7 ZI 20
21 PH(D) (((((CC8*O+CCO)$D+CCl0)SD.CCIl)SD+CCl2)SD+CC13)OD+CC14 2! 21
22 F(D).SQRT(POT/D)*CEXP(-CNSD+TH(-6,/X)) 2! 22
23 O(D)wCEXP(CNOD+TH(S./X))/SQRT(TP'D) 2! 23
24 X.S0RT(M~MUPlIGL)$A0LAM 2! 24
25 IF (X.CT.110.) 00 TO 2 ZI 25
26, IF (X.GT.8.), GO 70 1 2! 26
27 .YoX/S. 2! 27
28 YvY6Y 2! 28
29 SUY*I' 2! 29
30 IERU((((((-gOIE-6*S+1.22552E-3)$S-.08349609)*S+2.64igi4O)6S-32.36 2! 30
31 1345$)*S+l3.l77776)*S-84.)*S+l. 2! 31
32 BEi=c((((((1.1346E-465-,01103667).S+.52185615)0S-10.56765a).S.72,81 2! 32
33 17777)vS-113.77778)*S+16.)*Y 2! 33~
34 *ftImCMPLX(BCRUBEI) Z! 34
35 BERX((((CU(-3.94E-SSS+6,5957E-4)*S-.02609253)*S+.06047649)'s-6.088 2! 35 W
36 11481)*S+14,222222)sS-4.)*Y)vX 21 36
37 BEI=((((((4.609E-5*S-3.79388E-3)$S+.14677204)'S-2,3116751)*S*1l.37 2! 37

.8 17778)fS-lO.666667)*S+.5)*X 21 38
39 BR2=CMPLX(9ER,8EI) 2! 39
40 DR¶9BRI/OR2 2! 40
41 00 TO .3 2! 41
42 1 DR2=FJPF(X)/PI 2! 42
43 BR1=O(X)+BR2 ZI 43
44 9R2=0(X)*PH(B./X)-BR2*PH(-B./X) ZI 44
45 BPI=BR1/6R2 ZI 45
46 GO TO 3 ZI 46
47 2 8RI=CMPLX(.70710678,-.70710678) 2! 47
48 3 ZINT=FJ*S0RT(CM0TP/SIGL)*9RI,/ROLAM. ZI 48
49 RETURN 2! 49
50 END 2! 50-
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Sectlon III
Commor. Blocks

This section discusses each labelcd conmmon block which is used in the

NEC-2 code. For each common block, a list of the routines in which it is used

is given along with a definition of the -variables used in conjunction with the
commion block. The common blocks are presented in alphabetical order.

COMMON/ANGL/ SALP (300)

Routines UsinR /ANGL/

CADC, CISS, CMSW, CMWS, CMW, DATAON, ET.NS, FFLD,. GFIL, GFLD, GFOUT,

NOVk, NEFLD, NHFLD, PATCH, QDSRC, REFLC

/ANGL/ Parameters for Wire SoAments

SALM(I) = sin (a), where ca n elevation angle of segment I (see figure 11)

./ANGL/I Parameter,:_, for. Surface Patches
A 0

SALP (LD -I+l) +1 if t X t - n for patch I, or
_1 ,f2 ^

-l if 1 x t 2  -n for patch I

The second case occurs when the patch has been produced by reflection of a

patch originally input.

COMON/CMB/ CM(4000)

Routines Using /CMB/

MAIN, GFIL. GFOUT

The interaction matrix is stored in array CM. If the matrix is too

. large to fit in CM, then pairs of blocks of the matrix are stored in CM as

they are needed.
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(x2, Y21 Z2)

(xN, y, z)0 -

(x1,y1, z1 ) P

Figure 11. Coord.lnates of Segment i.

COMMON/CRNT/AIR(3OO), AII(300), BIR(300), BII(300), CIR(300), CII(300)

CUR(OO)

Routines Using /CRNT/

MAIN, CABC, FFLD, GFLD, NEFLD, NETWK, NHFLD

/CRNT/ Parameters for Wire Segments

Subroutine CABC fills the first six arrays in /CRNT/ with the real and

imaginary parts of the constants in the current expansion of each segment,

I (a) - Ai + Bi sin [k(u - st)] + Ci cos [k(s - a )] ,

where s - si at the center of segment i. Except during intermediate calcula-

tions for non-radiating networks, the current basio-function amplitudes are

computed and stored in array CUR. CABC replaces the basis function amplitudes

In CUR by the current at the center of each segment, (Ai + Ci). For i - 1,
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AIR(1• - Ai/X (real, imuilinsry)

A It)( I 
Ci/1

CUR(£,) a -mplitude of 1h basis function goivkn intoCASC or
(A1 + C)/A at ond of. A5C/

,4 utc' !'urrent components *re stored in CU'. jufor.' Oe C" C, iCsl .

.he sui .. o,+• s', strengthks indiroictions £and t2 on pitch 1i are

"stord4,n CUq(N 4 21'- and CUR(N + 21)' reelpecively vhere NE is the number

-*, wglnns. Atter CABC, tne x. y and a nomponents o'f surface Current are.

&to.. , 'sed-in CUR(N + 31 X 2), CUR(N + 31 - 3) and CUR(i+ 31), respectively.

-0*0 NW LD+, ,l'o, N2, No N j MI. S2 o No X(30O)l Y(300) 100),

,,+,(3O,0', , Bl('i0) (30 00)" BET(300)0):, 100N2(300) • TAG(3O0),

,CONX(-'300), W1LAM, 1PSYM

W Rolt ino's Uui int/DATA/-
MAIN, ARC, CABC, CMNF, CMSST,. CM$S, CMSW, CHNS, CMWW, OONECT, DATAGN,

ETMNS, FFLD, FVLDSS GFIL, GFLD, GFOUT, IBEGNO, LOAD, MOVE, ntFLD, NETVK,

NFPAT, NHFLD, PATCH, ODSIC, RDPAT, REFLC, SBY, TBF, TRIO, WRS

/DAIAI Parameters for Wire Segments

The arrayb in /DATA/ are used to store the parameters defining thn

segments. Two forms of the segment parameters are used.

During geometry input in routines ARC, CONLCT, DATAGN, MOVE, REFLEC and

WIRE, the coordinates of the segmen~t ends are store-1. The symbol meanings in

the geometry routines are:

X(I) x 1

Y(I) - ,

Z(I) 57
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51(I) - X2 tequivalenced to X2(I)]

AIP(M) =- V2 fequiiJatenc-,I Lu Y2(])

IIE1'( L) w Z2 1 eqeui vjLenct:ud to Z2 (I)

where X1 , Y1 0 Z, are the coordinates of the first end of the segment, and X2

Y2 0 Z2 are the coordinates of the second end, as illustrated in figure 11.

Coordinates may have any units but must be scaled to meters before data input

is ended, since the main program requires meters.

In the main program, the segment date in converted to: the coordinates

of'the segment center, components of the unit vector in the direction of

the segment, and the segment length. The symbol meanings after the geometry

section are:

¥() Xit Y1, Zi (see fijure 11.)XCI)

S(I) - segment length

ALP(M) w too a coo 0 [equivalenced to CAB(I)J

BET(I) w coo a sin 8 [equivalenced to SAB(I)]

The z component of the unit vector in the direction of the segment, sin a, is

stored in /ANGL/,

The other symbol meanings in /DATA/ for segments are:

BI(I) - radius of segment I

ICONl(I) a connection number for end 1 of segment I. If k is a positive

integer less than 10,000, the meaning of ICONI is as follows.

ICON1(l) - 0: no connection.

ICON1(I) - ±k: end 1 connects to segment k. If more than

one segment connects to end 1 of segment I, then

k is the number of the next connected segment

encountered by starting at I and going through

the list of segments in cyclic order. ICONI(1)

+k: parallel reference directions with end 2 of

the other segment connecting to end 1 of segment I.

ICONI(I) a -k: opposed reference directions.

ICONI(1) - 1: end 1 of segment I connects to a ground plane.
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V

ICONl(i) w 10,000 4k: end 1 of segment I connects to a

surface with the 4 patches around the connection point

numbered k, k + 1, k + k and k + 3,

1CON2(I) n connection number for end 2 of segment 1.

i[rAG(T) w tag number of segment I. This number is assigned during

structure input to permit later reference to the segment

without knowing the segment index I in the data arrays.

ICONX(I) a equation number for the new basis function when segment I

is in a numerical Green's function file and a new segment

connects to segment I modifying the old basis function.

/DATA/ Parameters for Surface Patches

Patch parameters are set in subroutine PATCH, The input parameters for

a patch are the coordinates of the patch center, patch area, and orientation

of the outward, normal unit vector, n. The parameters stored in /DATA/ are

the center point coordinates, area, and the components of the two surface unit

vectors, t and t2. The vector t1 is parallel to a side of the

triangular, rectangular, or quadrilateral patch, For a patch of arbitrary

hape, it is chosen by the following rules:4
For a horizontal patch, t1 ux.

For a nonhorizontal patch, i (; X ;)/I; x ;

2 is then chosen as u2 a M x tI

With J a LD + 1 - I, the parameters for patch I are stored as follows.

x(Jfl

YO))• x, y, and z coordinates of the patch center
z(CJ)J/
sI(Jý
ALP(J)}]
ALP(J) x, y, z components of tL (equivalenced to TIX, TlY, TI?)

lBET( ,)/

ICON2 ( J) x, y, and z components of t^ 2 (equivalenced to T2X, T2Y,

ITAGkJ) T2Z)

BI(j) * patch area

0
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Scalar variables in /DATA/ ares

IPSYM - symmetry flag. The meanings of IPSYM are.

IPSYM a Os no symmetry

I PSYM > Os plane sytamet'y

[PSYN < Od cylindrical symmetry

IPSYM a 2j plane symmetry about Z w 0

IIPSYMI > 2-' structure has been rotated about x or y axis. If

ground plane is indicated by ZGND 0 0 in the call

to out-routine CONECT and IPSYM w 2, symmetry about a

horisontel plane is removed by multiplying NP by 2.

If IIPSYMI > 2 and JOND 0 0, all symmetry is

removed by setting NP n N and IPSYM a 0 in CONECT.

LD a length of arrays in /DATA/

N1 a number of segments in NOF. If NOF is not used HI a 0

N2 -NI + 1

N a total number of segments

NP w number of segments in a symmetric cell

Ml w number of patches in NOF. If NOF is not used MI w 0

M2 a MI + I

M w total number of patches

HP w number of patches in a symmetric cell

WLAM w wavelength in meters

COMMON/DATAJ/ S, B, XJ, YJ, ZJ, CABJ, SABJ, SALPJ, EXK, EY'Ko EZK, EXS, SYS,

EZS, SXC, EYC, &ZC, RKH, IEXK, INDI, IND2, IPGND

Routines Using /DATAJ/

CMNGF, CMSET, CMSS, CMSW, i•WS, ClWW, EFLD, HINTO, HSFLD, NEFLD, NHFLD,

PCINT, QDSRC, SFLDS, UNERE

/DATAJ/ is used to pass the parameters of the source segment or patch to

the routines that compute the E or H field and to return the field components.

/DATAJ/ Parameters for Wire Segments

S 0 segment length

B - segment radius

S
-360-



YJ coordinates of segment center

QAO J

SAdJ x, Y, and s, respectively, of th unit vec:tor in the directLon
SALPJI of the segment .

9XK| . ..
-,Kxp yo and i'components ot 'the 9 or,.H feld due 'to. con,.. , ,anA'!

Ezk) current

U •Y•/ x1 y, and x. components of the 9 6r. H fWield due to a sin kh,. ,

128) current

6XC

IYc * x0 y and a components. of the ! or H field duo t o cc. ks

EZC' current'1KH a ainimum distnce for use of. Lheoarltsiin dipole Approximation
.. : for computing the t field of & solmont '.

IZXK . flag to seLect thin wire approximation or extended thin wire

approximation for Z field (IEXK I for extended thin wire

approximation)

IN4I f flag to inhibit use of the extonded thin vire approximation on

end 1 of the source segment. This is used when there is a bend

or change in radius at end I. INDI • 2 inhibits the extended

thin wire approximation,

IND2 " flag to inhibit use of the extended thin wire approximation on

end 2 of the source segment

IPGND not used

/DATAJ/ Parameters for Surface Patches

S - patch area in unite of wavelength squared

B w x component of ý2 for the patch

YJ a x, y, and z components of the position of the patch center
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CAb J

S ABJ *A, y, and m components of ii

hEXK 31 , y I and zcumponmints of I or ii dua to a cu~rrent with iiflLL

EYKI magnitudg in the direaction Elon the patch

i.EXs E2 d~ on-the patch

INl * 'com onent of-12.

1102 s--'comp~nent of t2
1POND 'o 14 tod a t.qu, cacft~ o ~eti EIs d or* fie Id

reflected, from the ground (two for grot~nd)

SCRMION/PPAT/ NTH,' NP~H 1Wj 1AVPj INOkj, lAX, THISr~, PHU8, DTHI DPH, RPLDI
GNOR, (CLT, GCT, EPS&2-,, 5 W 2, IXATYP ý Xa61 PINR, PNLR# ?LOSS NEAR j N'EH, NRX,-

NRY, NRZ, X3R, YNR, ZNA, QXNR, IYNR, 'DZNK

ltutn*4 Us in-F AL-

MAIN, NFPAT, RDPAT

Variabl~es are, defined in subroutine descriptions.

C0O*10MN/GGRID/ AR1(11, 10, 4), AR2(17, 5, 4), AR3(9, 8, 4), SPSCF, DXA(3),

DYA(3), XSA(3), YSA(3), NXA(3), NYAUJ)

Routines Using /GGRID/

MAIN, GFIL, GFOUT, INTh1P

Variables are defined under subroutine INTRP.

COtMUN/VND/ ZRATI, /.RAT12, FRATT., CL, CH.I SCKWL, SCRWR, NRA.DL, KSYMP, IFAR,

IPERF. T1, T2
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Routines Using /CND/

MAIN, CMSW, EFLD, ETHNS, FFLD, GIL, GFOUT, KINTG, HSFLD, NEFLD, RDPAT,

O SFLDS, UNERE

/0NO/ contains parameters of the ground including the twv-medium ground

and radial-wire ground-screen cases. The symbol definitions are as follows.

ZR.ATI - 30 " °/wc0 -1]/ 2

where a is ground conductivity (mhos/meter), c is the

relative dlelectrlc constant. , 0 Is the permittivity of

free spact (farads/moter), and w • 2%1.

ZRAT12 n same alaZRATI, but for a second ground sodium

P'RATI w ( 2 . 2 )/k2 +k2 )where k =Iin k/RT
(1  k2) k1 . 2) 2  w IV and K1  12/R

CL. distance in wavelengths of cliff edge from origin

CHi a cliff height in wavelengths

S CRAO L u lenst:h.,uf wlres in radial-wire ground screen (normalized to

SCRWR - radius of wires in screen in wavelengths

NRADL * number of radials in ground screen; zero implies no screen

(input quantity, ON card)

KSYMP g ground flag (*I, no ground; -2, ground present)

IPAR * input integer flag on RP card; speclfies type of field

computation or type of ground system for far fields

IPERF w flag to select type of ground (see ON card)

TI, 'T2 - constants for the radial-wire ground-acteen impedance

C OU4,ONIG.C4AV/ U, U2, XXI, XX2, RI, i2, ZMH, ZPll

Routines Using /GWAV/

MAIN, GFLD, GWAVE, SFLDS

Sv_,',n, I U'P mnit ions.-

U " C(¢r " /o/U)-
E- relative dielectric constant; a = conductivity of

ground
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U2 mU 2

XXI, XX2 defined in GFLD an~d SFLDS

KI, 4adistance from. cvurrer't element to point a4 tvhich field it
evil ua ed

82udistanve from lmAgo,of ourrwri olemenz, to po~int 4,.wh
fieold is 'iyaluatted

ZP' Z Az I *q 1 where Z iis h ightý f the fileW *va~luati.n pointC anid
-1 'ig'.te heigh~t of 6i e urrent, 4lmii 141 t

____ Xo-, 1o,' ZOI `81:XSN, -Y8~ .1NQ 0

YO~' 'ZO po-i "A"L; wh ith field due t~o ground .,-, be oe&Ilu~tvd

XSN i noAr

XSNQFI 1R to evaluate fielW ýue to ground by intiorIolitlowi

0 to u~s Norton's approximation

£2OMMDNý MRL ICASE, NALOKU, NPELK, NLAST, NBLSYM, NPSYM, NLSYMI laAT, ICASX,
NB3X, NPSX, NLBX, NBJ3L NPBL., 'L.BL

Rout ineq Using /KATP&R/

MAIN, CMNGF, UC~1LT, FACGF, FAC101 FACTRS, PBLOCK, F6NGF, GFIL, GFOUT,

LFACTkR, LTSQLV, JUNSR, REBLK, SUL(GF, SOLVME

/tKATPAR/ ;ontains nistrix blocking parameters for cuast& requiring file.

stra~ge of the matrix. Symbol definitions in /I4ATPAR/ o~r* as foll-ows.

ICASE s torage mode for primary matrix, defined as followo.

I unsymmetric matrix fits in core

2 symmetric matrix fits in core

3 unsymmetric matrix out of core

4 symmezric m~ltrix out of core, btit aubmatrices fit in core

5 symmetric matrix out of core. submatrices also out of core



85LOKS - number of blocks of columns of the computed matrix (in core

matrix, NBLOKS a 1)

NPBLK - number of coltimns in the first (NBLOKS - 1) blocks

V ' w 0trmber of columno in the Last block

NIOLSYM a same function as tho prucedlng three variables;

gY,8 l however, in this caae the parameters refer to

, NL, stme suomatrix in the symmetry case

M ,AT ' .,stoeago.reserved in CH for the ptimary NGF matrix A or a block

-of A (number of complex numbers)

... , storage mode for NOV solution (see Section VII)

N .AU, nqmbcr of olovnks in matrix 8 stored by blocks of rows

N O m aber of, rows in alblocký of B stored by rows

NUX numferof rows in the last blnck of B

N•: 'n" * % vmbe r of blocks in matrix C stored by rows (and number of

bLocks in B stored by columns)

NPBL numbsr of rows (columns) in a block of C (B)

.. 8L , number of rows (columns) in the last block of C (B)

COM4ON/N"TCt ZPED, PIN, PHLS, NEQ, NPUQ, N1Q2, NONET, NTBOL, NPRtNT6 KASY1h,
S.. 'I• 'ISZOl(30),8 USE 2, 23 0.) , XIIR(30), Xl11(30), X12•(30), X121030), X22R(30),

'. X221(301), NTYP( 30)

Rout ints Usina /NETCXj/

MIAIN, NZTWK

Variables are defined under subroitine NETWK.

COMMlON/SAVE/ IP(6OO), KCOM, com(13,5), EPSR, SIG, SCRWLT, SCRWRT, FMHiZ

Vautines Usine /SAVE/

KAIN, GFIL, GFOUT, IDPAT

Sy'nbol Definitions.

IP a vector of indices of pivot elements used in factoring the matrix

KCOM a number of CM or CE data cards (maximum 5)

COM - array storing the contents of CH or CE cards
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EPEiR - relative dielectric constnnt of the ground

SIc conductivity of Lke ground

SCIAWLT a lengrh of radialo in radial wire ground screen xpproximationI

(meters)

SCRWRT,- radius of wires in radial wire ground screen approximation

(mvters)

FMHZ * frequency in MHz

COMMIONISCRATH/D( 600).

in routines C$SET, FACTR, LFACTR

CO•ONIS.ARY(600)

in routines LTSOLVI SULGF, SOLVE, SOLVES

COMMON/SCRAD106AI( 1200)

in routine RDPAT"

Symbol DefiniLions:

D and Y

complex vectors used in matrix decompositiouu and tolution

GAIN array to store anqenna $&in foc ,subsequent norimaliuation

COMMONISEGJ/ AX(30), BX(30), CX(30), JCO(30), JSNO, ISCON(50), NSCON,ý

IPCON(lO), NPLON

Routines Using /SEGJ/

,MAIN, CABC, CMNGF, CMSET, CMSW, CMWS, CMWW, CONECT, QDSRC, SFLDS, TBF,

TRIO

/SEGJ/ is used to store the parameters defining current expansion

functions. The equation. for the current expansion functions are given il

Section 7lt-i of Part I. The i th currenL expansion function consist. of a

center section on segment i and branches on each segment connected to segment

i. On segment j, where j is i or the number of a segment connected to segment
th

i, the i expansion function is
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f(s) - A. + B. sin Ik(s - s.)] + cos (k(a - s)1
J.....J J . .

. w with the constants defined in Part I to match conditions on the current. A

superficripL i has been added to indicate tho number of the current expansion

bkarctlon.

When subroAtine TBF is called for expansion function i, it Locates each

segment connected to segment i and stores the segment number, j, in array

JCO. TAP also computes the constants AV and C for segment j and stores

them in AX, BX, and CX, respectively.

After all connected segments have been found, i is stored in the next
iii

location in JCO, and A•, B), and C, are stored in the corresponding locations

in AX, BX, and CX.

/SEGJ/ is also used by subroutine TRIO. When TRIO is called for segment

i, it locates each segment i connected to segment j and stores i in array

i iJCO. TRIO calls SBF to compute the constants A I3, and C for the branch of

expansion function i that extends onto segment j and stores these in AX, BX,

and C:.. The total number of entries, including i - j, is stored in JSNO. The

remaining parameters are used with the NGF solution.

ISCONCI) a number of the segment in the NGF file having equation number

I in tfh e set ,)f equations for modified basis functions.

This i n used when a new segment or patch connects to the

NGF 4egment

NSCON - number of entries in ISCON

IPCON(l) a number of the patch in the NGF file having equation number I

in the set of equations for modified patch basis functions.

This is used when a new aegnent connects to the NGF patch

NPCON z number o" entries in IPCON

CUMONN/SMAT/ SSX(16,Lb)
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Routines Using /SMAT/

CMSET, FBLOCK GFIL, GFOUT, SOLVES
The array SSX is described under subroutine FBLOCK. In some copies of

NEC-2 the variable name S is used in FBLOCK rather than SSX.

UMM•NTMH/ 4K, KHS

Routines Usina /,H/

GH, HFKh

/TtH/ is used to pass values from HFK to GH, The variables ZPK and RHKS

are defined in the discussion of subroutine HFK.

COMMON/TMI/ ZPK, RKB2, IJX

Routines UslVn /TKI/

EKSC, EKSCX, GF
/THI/ is used to pass values from EKSC or EKSCX to OF. The meanings of

the variables are listed in subroutines EKSC and ZKSCX,

COMMON/VSJRC//,VQD(lO), VSANT(lO), VQDS(10), IvqD(lo), ISANT(lO), IQDS(IO),
NVQD, NSANT, NQDS

Routines Using /VSORC/

MAIN, CABC, COUPLE, ETMNS, NETWK, QDSRC

The arrays in /VSORC/ contain the strengths and locations of voltage

sources on wires. Separate arrays are used for applied-field voltage sources

and current-derivative discontinuity voltage sources. The variables are

defined as follows.

ISANT(I) a number of the segment on which the Ith applied-field

source is located

IVQD(I) - IQDS(I) - number of the segment on end I of which the I h

current-slope discontinuity voltage source is located

VQD(I) w VQDS(I) w voltage of the Ith current-slope discontinuity

source

VSANT(I) a Noitage of tne I h applied-field voltage source
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NSANT a number of applied-field voltage sources

NVQL) a NQDS - number of current-slope discontinuity voltage sources

NVQD, IVQOD, and VQI) are set in MAIN from the input data. NQDS, IQDS,

and VQL)S are set in subroutine QDSKC. The latter were included to allow for

current-slope discontinuities other than voltage sources, such as lumped

loads. Loading by this means has not been implemented in NEC-2 however.

COMMO/,YPARM NCOUP, ICOUP, NCTAG(5), NCSEQ(5), YllA(5), Y12A(20)

Routines Using /YPARM/

MAIN, COUPLE

Symbol.Definitions.

NCOUP = number of segments between which coupling will be computed

ICOUP m number of segments in the coupling array that have been

excited. When ICOUP a NCOUP subroutine COUPLE completes the

coupling calculation

NCTAG(I) a tag number of segment I

NCSEG(I) a number of segment in set of segments having tag NCTAG(I)

YllA(I) a self admittance of Ith segment specified412A(I) a mutual admittances stored in order (1,2), (1,3), ... (2,3),

(2,4), ... etc.

CORMON/ZLOAD/ ZARRAY(300)

Routines Using /ZLOAD/

MAIN, CK4NGF, CMSET, GFIL, GFOUT, LOAD, QDSRC

ZAKRAY(I) - Z1 /(A4 1 ), whereZI is the total impedance on

segment I, aI is the length of segment I, and X is the wavelengtn.
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Section IV
System Llbraxy Functions Used by NEC

ABS(X) 0 absolute value of X

AIMAG(Z) - imaginary part of the complex number Z; result is real

AINT(X) - integer truncation; result is real

ALOG(X) 0 natural log of X

ALOC1O(X) a log to the base ton of X

ASIN(X) - arcaine of X; result in radJanu

ATAN(X) a arctangent of X; result in radians

ATAN2(XlX 2 ) - arctangent of X1 /X 2 ; result in radians covering all four

quadrants

CABS(Z) w magnitude of the complex number, Z

CEXP(Z) - complex exponential (a z

CMPLX(XIX 2 ) - formation of a complex number, Z - XI + jX2

CONJG(Z) - conjugate of the complex number Z

COS(X) & cosine of X

CSQRT(Z) w square root of a complex number, vz

FLOAT(K) a rual number equivalent of integer K

IABS(K) - absolute val~e of integer K 0
INT(X) a X truncated to an inteSer

REAL(Z) a real part of the complex number Z

SIN(X) - sine of X

SQRT(X) - square root of X

TAN(X) - tangent of X

0
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Section V
Array Dimension Limitations

Array dimensions in the program limit the structure model in various

ways. Any of these limits may be increased if necessary at the expense of

core storage capacity, which may require reducing other array dimensions,

The limits imposed by array dimensions are described below.

In-Core Matrix Storage, Ir - 4000.

Arrays:

COMON/CMB/ CM(t)

Limit constant:
IRESRV W Ir at MA68 of MAIN

'r is the number of words of core available for storage of the interac-

tion matrix. The complete matrix will fit in core storage if (N + 2M) x
(NP + 2MP) is not greater than Ir. For out-of-core solution, Ir must be at

least 2(N + 21) and should be as large as possible to minimize file manipulation.

Maximum Segments and Patches

Minimum Dimensions for N segments and M patches:

COMMON/DATA/ X(N + M), Y(N + M), Z(N 4+ H), SI(N + M), BI(N + H),

ALP(N + M), BET(N + M), ICONl(N + M), ICON2(N + M), ITAG(N + H), ICONX(N + 4)

COMMON/CRNr/AIR (N), AII(N), BIR(N), BII(N), CIR(N), CII(N), CUR(N 4- 3M)

COQMUN/ANGL/ SALP(N + N)

CObb-ION/SAVE/ IP(N + 2W)

COMMhON/ZLOAD/ ZARRAY (N)
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COMMON/SCRATM/ D(N + 2M) or Y(N + 2M)

•4AIi- IX(N + 2M)

SUBROUTINE NETWKI RHS(N + 3M)

Limit Constint4

LD m N + M at MA66 of MAIN

All segments and patches resulting from reflection or rotation of a

symmetric structure must be included in determining the limiting structure

site.

Maximum Number of Non-radiating Networks, N n 30.'

Arrays*

COHKON/NETCX/j ISEGL(Nn), ISEG2(N n), XllR(N ), XilI(N ), X12R(N n),

Xl2I(Nn), X22R(Nn), X221(Nn), NTYP(Nn)

SUBROUTINE N"TWK4 RHNT(Nn), IPNT(Nn), NTEQA(N n), NTSCA(Nn ), RHNX(Nn)t

nH ( n n n

Limit Constants4

NETMX a N at MA63 of MAINn

NDIRN w N at NT22 of NETWKn
NDIMNP a N + i at NT22 of NETWKn

Nn is the limit for either the number of networks (including

transmission lines) or the number of segments having one or more network ports

connected, whichever is greater. When relative driving point matrix asymmetry

is computed, Nn must also be greater than or equal to the sum of the number

of segments with network ports connected plus the number of segments with

voltage sources.
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Maximum Number of Degrees of Symmetry, N. 16.

Arrays;

COMON/SMAT/ S(Np, N )
N limits the number of symmetric cells in a structure. The number of

symmetric cells is equal to the ratio of N to NP in CCOOON/DATA/.

Maximum Number of Segment.s Joined at Junctions, NJ w 30

If N" and N+ are the numbers of segments connected to end 1 and end 2

of a segment, respectively, then the dimensions in COMHON/SEGJ/, NP must be

at least N" + N+ + 1.

Array:

COMMON/SEGJ/ AX(Nj), BX(Nj), CX(Nj), JCO(Nj), JSNO

O Limit Coustantst

JMAX - N at SB6 in SBF

JMA( w N at TB8 in TBF

JMAX - N at TR8 in TRIO

Maximum Numnbr of Voltage Sources, N 30,

Arrovs :

COýDION/VSORC/ VQD(N v), VSANT(N v), VQDS(Nv), IVQD(N V), ISANT(N v), IQDS(N V)

Lim;it Constant:

NSMAX - N at lA63 of MAI';
A model may use up to N., applied field voltage sources and up to Nv. currentt -lope discuntInuity wv.tage sources.
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Maximum Number of Loading Cards, N1 I 30

Arrays:

MAIN: LDTYP(N 1 ), LDTAG(N 1 ), LDTAGF(NI), LDTACT(N1 ), ZLR(NI), ZLI(N1 ),

ZLC(N 1 )

Limit Constants:

LOADMX w N at MA63 of MAIN

"Then the NnIP option is used only new loading cards are counted, not those tseA

in generating the NGF file.

Number of Comment Cards Saved, N c 5

Arrays:
PUMMONISAVE/i COM(13, c)

Limit Constant:

Constants at MA73 of MAIN 0
Any number of comment cards may be placed at the beginninb of a data

deck and will be printed in the output, Only N of the cards will be saved
C

in array COM for later use in labeling plots, however. The first N -
c

comment cards and the last comment card will be saved.

Maximum Field Pointts for Normalized Gain, N - 1200.

Arrays:

COMMON/SCRATM/ GAIN(N )

Limit Constant:

NOPMAX - N at RD22 of SUBROLTINE RDPAT

N is the maximum number of field points from a single RP data card that
can be stored for output in normalized form or for plotting if plotting is
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implemented. If an RP card requesting more than N points calls for nor-g.ima.Lzed gain, the gain will be computed nnd printed at all requested angles,

but only the first N gains will be stored and normalized.B
"COMMON/SCRATM/ GAIN occurs in SUBROUTINE RDPAT. COMtON/SCRATM/ D and

COMMON/SCRATh/ Y occur in certain other routines where D and Y are complex

(see "Maximum Segment* and Patches"), GAIN, D, and Y should be dimensioned so

that each common statement contains the same number of words.

Maximum Number of Frequencies for Normalized Impedance or Maximum Number of

Angles for Which Received Signal Strength ts Stored, N f - 200

Array:

MAIN: FNORQ (Nf)

Limit Constant:

NORMF - Nf at MA63 of MAIN

The maximitm number of frequencies for which input impedance may be

stored and normalized is Nf/ 4 , since the real. and imaginary impedance and

magnitude and phase are each stored. The receiving current can be stored for

up to Nf angles.
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Maximum Number of Points in CoupLing Calculatio., N - 5.C

The maximum number of segment& among which coupling can be computed (CP cards)
iuN ,

COMHON/YPARK/j NCTAG(N ), NCSEG(N ), Y11A(N ), Y12A(N 2- N0)

Limit Constants

Constants at t4A207 and MA212 of MAIN should equal N€

Maximum Number of NGF Sepments to Which New Segments or Patches Connect, N s" 50

CONON/••EGJ/- ISCON(N8)

Limit Constantl

NSHAX a N at CN13 of CONECTU

MaxLimum Number of NGO Patches to Which New Segments Connect, N = 10.

C.O..ON/S .GJ/ IPCpN(N p

Limit Constanti

NP•4AX - N at CNI3 of CONECT
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Section VI
Overview of Numerical Green's Function Operation

NEC includes a provision to generate and factor an interaction matrix

and save the result on a file. A later run, using the file, may add to the

structure and solve the complete model without unnecessary repetition of

calculations. This procedure is called the Numerical Green's function (NGF)

option since the effect is as if the free space Green's function in NEC were

replaced by the Green's function for the structure on the file. The NGF is

particularly useful for a large structure, sucn as a ship, on which various

antennas will be added or modified. It also permits taking advantage of

partial symmetry since a NHG file, may be written for the symietric part of a

structure, taking advantage of the symmetry to reduce computation time.

Unmymmetric parts can then be added in a later run.

For the NGF solution the matrix is partitioned am

. where A is the interaction matrix for the initial structure) D is the matrix

for the added structure, and B and C represenL mutual interactions. The

current is computed as

12 - [D - CA'18]-' [E2 - CA'E 1 ]
*A- A -B1 2

1, - E1 -A LEB1 I

after the factored matrix A has been read from the HGF file along with other

necessary data. Since the LU decomposition is obtained in NEC rather than the

inverse, the multiplication by A"1 is accomplishud by using the solution

procedure in subroutine SOLVE on each column ýn the matrix to the right of
-1A .

To use the NGF option the parameters of the fixed, or NGF, part of the

model are defined in the first run. A WG data card causes the matrix A to be

computed (CMSET), factored (FACTRS), and written to file TAPE20 by subroutine
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GFUUT. Other necessary data, such as segment and patch coordinates,

frequoncy, Loading, and ground parameters, are also written to TAPE20.
When the NGF file, TAP920, ig used the data are reed into the usual

arrays by subroutine GFIL and new segments and patches are added to the arrays

in CO.ZON/DATA/. Subroutine CMNGF is then called to compute the matrix

elements in B, C, and D. FACGF computes A'IB, storing it in place of B, and

computes (1) - CA- 8), factors it into L and U parts, and stores the result

in place of D. For each excitation EI and E21 SOLGF completes the

procedure of solving for I, and 12•

The procedure is complicated by the connection of now segments or

patches to NGF segments or patches. A connection to a segment modifies the

current balis function (see Section 111.1 of rart I). Since the elements in A

cannot be changed, a modified basis function must be treated as e new basis

function with a new column added to B and D and the new basis function

amplitude added to the end of 12. The amplitude of the original basis

function is set to zero by adding a row containing all zetros except for a one

in the column of C corresponding to the modified basis function. Since the

segment is not modified the boundary condition equation is not altered in this

case.

When a new segment connects to a NGF patch the patch must be divided

into four new patches, after the user defined patches, requiring eight new

rows and columns in B, C, and D. Two additional rows are added to set the two

current components on the old patch to zero. Since the old patch is replaced

by the four new patches, the condition on the field at the center of the patch

should be removed. This is done by adding Lwo new columno each containing all

zeros except for a one in the row of the equation to be removed.

The matrix structure is further complicated by the division of each

submatrix into sections for segment-to-segment, patch-to-patch,

segment-to-patch and patch-to-segment interactions. The matrix structure is

*hown in Figure 12, where the subscript w denotes wire segments and a denotes

surfacc patches. The elements of B and B are the E fields and Hsw w
fie~ds due to modified basis functions in the NOF section. Each column of

I I I
B.. and row of C and C contains O'R and a single 1.

The subroutine ETMNS fills the excitation array with the E fields

illuminating all segments, followed by the H fields on patches. Tnese

elements are reordered in SOLGF to correspond to the matrix structure. After
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the solution this reordering is reversed in SOLGF to put basis function

amplitudes for segments first, followed by those for patches. If symmetry is

used in the NGF section the matrix A is structured as submatrices for the

symrmntric sections. Each saubmat.rix contains elements for segments and patches

Ln Ltat section, with the order as shown for A in figure 12. In this ;aee the

excitation and solution vectors are ordered in tOLVILS to correspond to the

aubmatrix structure.
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Section VII
Overview of Matrix Operations Using File Storage

File storage is used when tile matrix size exceeds the lengtn of tile

array CM in COMMON/CMB/. For the basic solution (not NGF) there are five

matrix storage modes associated with the integer XCASE as followsz

1CASE Matrix Storage

1 Matrix fits in CM; no structure symmetry

2 Matrix fits in CH; structure symmetry used

3 Matrix stored on file; no symmetry

4 Matrix stored on file; symmetry; each

submatrix fits into CM for LU decomposition

5 Matrix stored on file; symmetry;

submatrices do not fit into CM.

For case 3 the matrix is initially written on file 11 by blocks of

rows. The block size is chosen in subroutine FBLOQ( so that two blocks will

fit into CM for the Gauss elimination procedure. The block size and number of

blocks is set by the parameters 4BLOKS, NPBLK, and NLAST in COMMON/MATPAR/.

Subroutine FACIO reads file 11 and writes file 12 using 13 and 14 for

scratch storage. LUNSCR then reads 12 and writes the blocks of the factored

matrix on file 13 in forward order and on file 14 in reversed order. File 13

is then used for forward substitution in the solution and filt 14 is used for

backward substitution.

For case 4, FACTRS reads the matrix from file 11, where it was written

by blocks of rows (columns of the transposed matrix), and writes it to file 12

by submatrices. The submatrices are then read from 12, factored, and written

to 13.

In case 5, FACTRS reads the matrix from file 11 and writes it to file 12

by blocks of rows (columns of the transposed matrix) for each submatrix.

File 12 is then copied back to file 11, and the procedure of case 3 is

repeated for each submatrix.

When a NGF file is to be written, half of CM is reserved for matrix

sLorage and manipulations of the matrices 6, C, and D. Hence for cases 1, 2

or 4tUe primary matrix A (or submatrix for case 4) must fit into half of CM.

3
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There is no restriction for cases 3 or 5 since, with two matrix blocks fitting

into CM for the LU decomposition, halt of CG is available during the solution

when blocks are used one at a time.

There are four modes for storing B, C, and D in the NOF solution. These

are associated with the integec ICASX as follows:

A,,= matrix A factored into L and U

AF for ICASE a I or 2

Ait ofone olock of A. for ICASE w3

Sone submatrix for ICASE a 4

ýone block of submatrix for ICASE * 5

Ax AF for ICASE w I or 2

nothing otherwise

ICASX NGF Matrix Storage

1 AR, B, C, and D fit into CM

2 B, C, and D fit into CM but not with AR

(ICASE a 3, 4, 5) A and B must also fit

into CM together

3 B, C, and D do not fit into CM, but AX

and F * D - CA-I B fit into CH for the LU

decomposition of F

4 Same as 3 but D - CA- 1 B requires file

storage for LU decomposition

When a NGF file (TAPE20) is written with ICASE a 3 or 5, files 13 and 14

are bothn written to TAPE2U. When the NGF file is read these data are written

on the single file 13 with the blocks in ascending order first and then in

descending order. If A F is stored on file 13 then space for AR in CM is

needed only when AR is used in a solution in CM. This accounts for the

definition of AXe

File usage for ICASX w 2, 3, and 4 is outlined in Figures 13 acid 14.

The value for ICASX is chosen in subroutine F8NGF as the smallest value

possible. The number of blocks into which matrices B, C, and D are divided is

a lso c ho s e n in F BN GF . -
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Section Viii
NEC Subroutine Linkage

Fitirt. 15 Wli 16 show thet organization of subroutines in the N-'C(;-2

program. All possible subroutine calls are traced, although in a particular

run only certain of the traces will be followed, Routines that are called at

more than one point in the program are shown as separate blocks for each call.
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Section IX

1. SOMNEC CODE DESCRIPTION SOMNEC

SOMNSC is an independetr, code that generates the interpolation tat)Les

for the Sommerfeld/Norton ground option for NEC. The tables are written on

file TAPE21 which becomes an input file to NEC. Coding of the routinus in

SOMNEC is described in this section.
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bUM1NEC

SOMNEC (main program)

SPURPOSE
*ot g4ii'iI•Jte interlpolat ion tnblo.M Int th, :%om nirfeLd/Norton ground opt iutk

and write them on file TAPE21.

METHOD

The code from SN17 to SN51 reads the input data and sets parameters in

COM1ON/EVLCOM/. Since all equations are scaled to a free-space wavelength of

one meter the results depend only on the complex dielectric constant

cc U el - jai/(W0 )

In the routines that evaluate the Sommerfeld integrals the time dependence is

exp(-jwt) rather than exp(+jwt) which is used in the remainder of NEC. Hence

the conjugate of C (EPSCF) is taken before computing the parametere in

COKlON/EVLCOM/. The conjugate of the results is taken at the end of EVLUA, so

the results returned to SOMNEC and written on TAPE21 are for exp(+ju).

Three interpolation tables, as shown in Figure 12 of Part I, are

* generated in the code from SN55 to SN123. For each R,, 6 pair in the tables

the values of P and z + z' are computed and stored in COMMON/EVLCOM/.

Subroutine EVLUA is then called and returns the quantities

.2 2 'ERV m ( k V
4ý 22

Z 2 22'
V ( k2 ) 2 1  22

ERII - (- k V, + kU2 )2 22 6 2

E C- - kV k%")
P 6 2 22 2

The4. are multiplied b" CI R1 exp(jkH ', to forw the quantities in

eqult InC (156) Lhroueh 1$9) in Part I. Wncn R . is zero the limiting forms

in pcquitio1, (I,)9) throi.rn (172) of Part I arL used. The expressions fromi
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SN116 to SNll8 are obtained by letting 6 go to zero in the expressions for

R, 0.

The data Are stored in COMMON/GGRID/ which is identical to the common

block in NEC. File 21 is written at SN127 and includes coordinates of the

grid boundaries, number of points, and increments for R1 and 0. Hence those

grid parameters can be changed in SOMNEC without changing NEC. If the number

of grid points is increased, however, the arrays in COMMON/GGRID/ must be

increased in both SOMNEC and NEC. Also, the parameters NDA and NDPA in

subroutine INTRP must be changed.

SYMBOL DICTIONARY

AR1 a array for grid 1

AR2 - array for grid 2

AR3 a array for grid 3

CK1 a k1

CK1R a real part of k

CKlSQ m k2

CK2 k, (a 211 since X - 1)

CK2SQ k2

CKSM k k /(k + k2

CLI * k2C2C3 (see Part I for C1  C2  and C3 )

CL2 Itk22C C

CON • CIRIexp(jkR1 )

CT1 * (k2_ 2

4 4
CT2 -(k4 - 4 )/8

6 6

CT3 (k1 -_t)/16

DR LR

DTH -Ae

DXA AR for each grid
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SOHNEC

DYA - Lb for each grid (radians)

EPH a EPH

EPSCF n CC

ERH a ER I

ERV a 5RV
eZV n EZV

FMHZ a frequency in MHz

IPT a flag to control printing of grid

IR w index for R1 values

IRS * starting value for I1

ITH a index for 6 values

LCOMP w labels for output

NR w number of R values

NTH * number of 0 values

NXA w number of R1 values for each grid

NYA - number of 0 values for each grid
R U R I

RHO M p
" @ • • k2a

SIG a a1

TFAC1 - (I - sin c)/cos 6

TI'AC2 a (I - sin 0)/cos2b

r4E'r -

Tim - time to fill arrays

TKKAG - 100.1k I1

rsM.AG a 100. IkI

TSr n starting time

WL. - wavelengtn in free space

XSA - starting value of RI in each grid

YSA - starting value of e in each grid

LPH - Z + Z'

CONSTANT S

299.8 1 10-6 times velocity of light in m/s

59.96 - i/(2ncc 0 ), c - velocity of light4b.2 6318530d -2 r3
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SO MNF

I PROGRAM SOMNEC(INPUTOUTPUT ,TAPC2I ) SN 1
2 C SN 2
3 C PROGRAb6 TO GENERATE NEC INTERPOLATION GRIDS FOR FIELDS DUE 70 SN 3
4 C GROUND. FIELD COMPONENTS ARE COMPUTED BY NUMERICAL EVALUATION SN 4
5Sc OFMDFE mEREDITGAS SN 6
5 C OMOIEDSMRFL INERL.SN 5
7 COMPLEX CKI,¶CISQERV,E2V,ERH.EPHARIAR2,AR3,EPSCF.C9(SMCTI,CT2,C. SN 7

m T3,CLl,CL2,CON SN 81
9 COMMON /EVLCUM/ CKSMCTI1CT2,CT),C~i,CKISQ,CK2,CK2SQJ,TKMAO,ISMAG,.C SN 9

10 iKIR,ZPH,RHO,JH SN t0
11 'IOMMON /GGRID/ AR1(11,10,4),AR2(17,5,4),AR3(9,8,4),EPSCF.DXA(3),DY SN 11
12 IA(3),XSA(3),YSA(3),NXA(3),NYA(3) SN 12
13 DIMENSION LCOMP(4) SN 13
14 DATA NXA/11.17,9/,NYA/IO.,5,/,XSA/O,..2,.2/,YSA/O.,O.,.3490658504/ SN 14
15 DATA DXA/.02, .05., 1/DYA/.1745329252, 0872664626, 1745329252/ SN 15
16 DATA LCOMP/3HERY, 3HEZV.3 HERN ,3HEPH/ SN 15
17 C SN 1,7
18 C READ GROUND PARAMETERS - EPR m RELATIVE DIELECTRIC CONSTANT SN 18
19 C SIC m CONDUCTIVITY (MH.OS/M) SN 19
20 C FMHZ 0 FREQUENCY (MHZ) SN 20
21 C IPT a i TO PRINT GRIDS. .0 OTHERWISE. SN 21
22 C IF SIG LT. 0. THEN COMPLEX DIELECTRIC CONSTANT e~EPR + JOSIG SN 22
23 C AND rMHZ IS NOT USED SN 23
24 C SN 24
25 READ 15, EPRSIG,FMHZIPT SN 25
26 IF (SIG.LT,0.) GO TO 1 SN 26
27 WLAMz2ggB /FMHZ SN 27
26 EPSCF=CMPLX(EPR,-SIG'WLAMOS9 .96) SN 25
29 00 70 2 SN 29
30 1 EPSCF=CMPLX(EPRSb0) SN 3D
31 2 CALL SECOND (TST) SN 31
32 CK2=6.283185308 SN 32
33 CK2S~uCK24CI2 SN 33
34 C SN 34
35 C SOMMERFELD INTEGRAL EVALUATION USES EXP(-JWT), NEC USES EXP(+JWI), SN 35
.36 C HENCE NEED CONJG(EPSCF). CONJUGATE OF FIELDS OCCURS IN SUBROUTINE SN 36
37 C EVLUA. SN 37
38 C SN 38
39 CKISO=CK2SO*CONJO(EPSCF) SN 39
40 CKI=CSORT(CKISO) SN 40
Al CKIR=REAL(CKI) SN 41
42 TKMAGmi¶OO'CABS(C11 ) SN 42
43 TSMAGmlOOCK1*CONJG(CKl) SN 43
A4 CKSM=CK2SQI(CKlSO+CK2SO) SN 44
45 CT1:,50(C~iSO-CK2SO) SN 45
46 ERV=CK1SOICK1SO SN 46

.1 EZV=CK2SO4CK2SO SN 47
45 CT2m.125*(ERv-EZV) SN 48
49 CRV:ERVICKISO SN 49
50 EZVEEZVOCK2SO SN 50

51 CT3m.0625*(ERv-EZv) SN 51
52 C SN 52
53 C LOOP OVER 3 GRID REG:ONS SN 53
54 C SN 54
55 DO 6 K1i,3 SN 55
56 NR=NXA(O) SN 55

57 NT~NYA(t-) SN 57
58 DR=DXA(K) SN 58
59 0TH=OYA(K) 51J 59
so R=XS4(K)-DR SN 60

61 IRS=, SN 6'
62 jr ~k.EO.1) R=XSA('K) S', 62
63 IF \KEQ.1 ý IRS=, S 3



SO MN C

66 C SN 64
65 C LOOP OVER R. (RuSORT(RHOO*2 + (Z+H)002)) SN 65
66 C SN 66
67 DO 6 IR=ZRS,NR SN 67
68 R=R+DR SN 68
69 TNCTwYSA(K)-DTH SN 69

70 LOOP OVER THrTA. (THCTAuATAW((Z4N)/RHO)) SN71

12 C SN 72

74 THCTwTHET+DTH SN 74
75 RHOoROCOS(THCT) S$N 75
76 ZPN.R*SZN(THET) SN 76
77 IF (RNO.LI.I.E-7) RHO=1.C-8 SN 77
78 If (ZPH.LT.1,E-7) ZPH=O. SN 76
79 CALL [VLUA (ERV,EZV,ERH.EPN) SN 79
so RKwCK2*R SN 80
al CONu-(O.,4.77147)OR/CMPLX(COS(RK),-SZN(RtK)) SN 61
62 00 TO (3.4.5), K SN 82+
63 3 AR1(1R,1TH,1)uCRVSCON SN 83
84 ARI(IR,ZTH,2).CZV$CON SN 84
85 AR1(1RITH.3)uERH4CON SN 85
Be ARt (ZRTH.4)uEPH*CON SN 66
87 Go0T06 SN B7
as 4 AR2(IR,ITH,1).ERV4CON SN 68
89 AR2(ZR,ZTH,2)wCZVOCON SN 89
90 AR2(ZR,ITH.,3)aERH*CON SN 90
91 AR2(ZR.IYH,4)uCPHOCON SN 91
92 GO0t06 SN 922
93 5 AR3(ZRZTN~l)zERV8CON SN 93
94 AR3(ZRIYH,2)aEZVGCON SN 94
95 AR3(!R,17H,3)=ERHSCON SN 95
96 AR3(IR,1TH,4)%EPH4CON SN 96
97 6 CONTINUE SN 97
98 c SN 98
99 C FILL 4RIDZ I FOR A EQUAL TO ZERO. SN go
100 c SN 100
101 CL2.-(O. ,185.370)*(EPSCV-I .)/(cPSCFr.1) SN 101
102 CL~uCL2/(EPSCF+1 ) SN 102
103 CZV*EP$Cr*CLI SN 103
104 TH[cT-DTH SN 1104
105 NTH=NYA(l) SN 1105
106 DO 9 ITHEI NTH SN 106

, THET:THET40TLI SN 107
Ic8 ir (IIH.EO.NTH, GO -0 7 SN 108
1t9 TFAC2mCOS(THEI) SN 109
lic cFACi(,.S1N(T.[Ei1;,TFAC2 SN i10

ill 1rAc2mTFACl,'TrAC2& SN ill
112 ERvmEPSCF*CLi*TFAC1 SN 112

11A ERH=CLl*(irAc2^- 1 )+CL2 SN 113
11A EPH=CLI4TFAC2-CL2 SN 114
!15 G0 TO B SN 115
116 ERV=CJ, SN lie
117 ERH=CL2-,b$CLI SN 117
jig EPH~-ERH SN l16
119 8 A~i(1,ITH,l)=[R.,' SN 119

1c A~l(,1 H,!2)=EZv SN 120
;21 ARI(,1 ,TH3)=EPH SN 121

1,22 9 A1(1,ITH,4)-.CPf- SN 122
' CALL SECOND kTIM) SN 123

~2 CSN 12t
WARIME OZ:: ON 'AP[71 SN 125

SN 126

VA7' ';.A:.A2e3.tPSCr,DXA.DY&,$A.YSA,NXA,NYA 5N 127
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128 REWIND 21 SN 128
129 IF (ZPTCQO.O) GO TO 14 SN 129
130 C SN 130
131 C PRINT GRID SN 131
132 C RN 7 PC SN 1.32
132 C RN 7 PC SN 132
134 00 13 KwI.3 SN 134
135 NRNXA(K) SN 135
135 NTHNNYA(K) SN 136
137 POINT 18, K,XSA(K)ýDXA(K),NR,YSA(K),DYA(K),NTH SN 137
138 00 13 1u.14 SN i3S
139 PRINT 19, LCOMP(L) SN 139
140 DO 13 IRUI,NR SN 140
141 Go TO (10,11.12), K SN 141
142 10 PRINT 20, IR,(ARI(IR,ITH,L),ITN.1.NTH) SN 142
143 GO TO 13 SN 143
144 11 PRINT 20, IR,(AR2(IR,ITHL).ITH=INTH) SN 144
14S GO TO 13 SN 145
146 12 PRINT 20, ZR,(AR3(IRITH,L),ZTHE.,NTH) SN 146
147 13 CONTINUE SN 147
148 14 TIMaTIM-TST SN 144
140 PRINT IG,TIM SN 149
150 STOP SN 150
151 C SN 151
152 15 FORMAT (3010.3,15) SN 152
153 10 FORMAT (GH TIMEm.E12,5) SN 1 53L
1.54 17 F'ORMAT (3OHINEC GROUND INTERPOLATION GRID,/,21H DIELECTRIC CONSTAN SN 154
155 ITx.2Ei2.5) SN 155
15818s FORMAT (,///.5H GRID,12,/,4X,5HR(1)m.F7.4.4X,3HDRUF7.4,4X,3HNRo.13 SN 156
157 1,/,9H THET(1)UA'7.4.3X,4HDTHu,F7.4.3X,4HNTNUZ,3//) SN 157
158 19 FORMAT (///.A3) SN 158
159 20 FORMAT (4H lRo,13,/,(10E12.5)) SN 159
160 END SN 160-
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., PURP"OS Et

To cumpute the Hessel functiton of order zero and its derivative for a

4U1jiKarguuimitjo .

dETHOD

For argument magnitudes less than & limit Z the functions are

evaluated by the ascending series and for larger magnitudes by Hankel's

asymptotic expansion (ref. 5). The ascending series are

ks0

J'(Z) . ..j (Z) A z• (-Z /4,)
0 1 2 k.('~l')!'

km 0

The number of terms used with an argument Z is M(MZ) where 1Z 1 *. + IZI 2

U. ;The array A is filled for IZ from I to 101 on the first call to BSSSEL by

determining the value of k at whiich tne term in the series for J is less

than 1 0-6.

Jnen IWl is greater than ZIs Hankel's asymptotic expansions are

used with two or three terms. These are

2 [P(v,Z)os X" Q(v,Z)sin X) OIrg ZI < 1)

X= Z -(-IV+.1) 't

(±2 4

P(VZ) 1 (P-1)(W-9) + (,-,,(i-9)(,-25)(•-49)P(()Z)2 4-,(-Z) 4
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Q(\,Z) - (__Vi i_ -,)(•-9)(p-25)_
8- 3

35(dZ)

wnter, p - 4V,

When Z e IZI < Z + A both the series and asymptotic

forms are evaluated and are combined as

J(.4) -½ [1 W(1)+0) + J (z)(1-012 aZ a

wnere C w Cos (t ( zI - Z8))

J (Z) - result of series evaluation

J a result of asymptotic evaluation

This combination ensures a smooth transition between the two regions. In the

code 4 is 6 and 6 is 0.1.

YM'BUL DICTIONARY 42
Al n -1.(4k )

A2 - l./(k + 1)

C3 -V7 - 0.797884560U

CZ a cos X
FJ U vT'l.

FJX a FJ

18 • - to indicate that both the series and asymptotic forms will be

evaluated and combined

ENIT u flag to indicate that initialization of constants has bee.:

completed

- I. + ILI 2 truncated to an integer

JO 0 J U(Z)

JOP - J0(4

JOPX - J0 (Z) from series to be combined with asymptotic result

J(X = JkZ), samf, as JOPX

K - summation in;,lx k, summed from, I to limit
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M . array of upper limits for k

MIz a upper limit for k
11071 a, 0( U, 0 .)

P10 - coefficient in POZ a 9/(2 x 82)

P11 - coefficient in PLZ - -(4 - 1)(4 - 9)/(2 x 82)

PIZ P1,O )

P20 - coefficient in POZ a 9 x 25 x 49/(4!8 )

P21 - coefficient in PIZ a -(4 - 1)(4 - 9)(4 - 25)(4 - 49)/(4!8 4)

P1 "

POF w *1/4

QOZ a Q(0Z)

QIO a coefficient in Q(O,Z) a 1/0

QIl - coefficient in Q(1,Z) w 3/8

qIZ a q(1,z)

Q20 - coefficient in Q(O,Z) w 9 x 25/(3183)

Q21 m coefficient in Q(lZ) a (4 - 1)(4 - 9)(4 - 25)/(3.8 )

SZ a &in X

T1ST a magnitude of the term in the series
.. @Z ,Z

zi Z2 or I/Z

Z12 • i/Z2 or exp(-jX)

ZK - (.Z 2 / 4 )k/(k.) 2 for series. Also temporary storage for

asymptotic method

ZMS - IZI 2 or temporary storage

CONSTANTS

31.41592654 a 10.v

36. w 62

37.21 * 6.12
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I SUBROUTINE BESSEL (ZJO,JOP) BE
2 C BE 2
3 C BESSEL EVALUATES THE ZERO-ORDER BESSEL FUNCTION AND ITS DERIVATIVE BE 3

4 C FOR COMPLEY ARGUMENT 2. BE 4

6 COMPLEX JO,JOP,POZP1ZQOZO1ZZ,21,ZI2,ZK,FJICZ.SZ.JOX.JOPX BE 6
7 DIMENSION M(1OI), A1(25), A2(25), FJX(2) BE 7
6 EQUIVALENCE (FJ.FJX) BE 0
9 DATA PlC3,PIO,P20.Q10.020/3.141592654,.797a14560S,.0703125.,11215 BE S

10 120296,.i23,.0732421l75/ BE 10
11 DATA PII,P21,QI1,Q21/.117i875,.1441955566,.375,..125390625/ BE il
12 DATA POFINIT/.7853181635,O/,FJX/0.,1./ BE 12
13 IF (INIT.EQ.o) 00 TO 5 BE 13
14 1 ZMSmz*CoNJG(Z) SE 14
is IF (ZMS.GT,1.E-¶2) 00 TO 2 BE 1S
Is JOui. SO.) BE. to
17 Jop.-.S4Z BE -17
is RETURN BE 16
19 2 limtO SE 19
20 IF (ZMS.OT.37,21) GO TO 4 BE 20
21 IF (214.07.36.) 1BUI BE 21
22 C SERIES EXPANSION It 22
23 IZu1 ,4ZhS BE 23
24 MIz.m(lz) BE 24
25 iOm(1.,o.) BE 25
26 JOPNJO BE 26
27 zxmJO BE 27
28 ZIEZ*Z BE 28
29 00 3 KwI,MIZ BE 29
so 2KuZK*Al(X)*2I BE 30
31 JONJO+ZI( BE 31
32 3 J0PaJDP+A2(K)OZK BE 32
33 JOPU-.S$Z$JDP BE 33
34 IF(IXEJO REUR BE 34
345 I (IEJO.)RTN BE 35
36 JopxuJOP BE 36
37 C ASYMPTOTIC EXPANSION aC 37
35 4 21a.1/2 BE 35
39 Z1241621 BE 39
40 P02.1 .4(P20*Z12-P1O)*ZI2 BE 40
41 PlZw1,+(Pll-P2¶'222)Z212 BE 41
42 QO2.(0200ZZ2-010)*ZI BC 42
43 QlZm(Q11-Q218ZI2)*ZI BE 43
44 ZKoCEXP(FJO(2-POr)) BE 44
45 Z!kwin /ZK BE 45
46 CZE.50(ZK+Z12) BE 46
47 SZmFJ*.5*(Z12-ZK) BE 47
48 ZKuC3*CSORT(ZI) BC 48
49 JOuZK*(poZ~CZ-QOZSZ). BE 49
s0 JOPm-ZK$(PIZ*SZ.O1Z*CZ) BE SO
51 IF (19.0O.0) RETURN BE 51
52 ZmSECOS((SQRT(ZMS)-6 )43I 41592654) BE 52
53 Jon.S'(JoxS(¶.+ZMS)+J0(1.-ZMs)) BE 53
54 JOPu5so(jopxo(l.+Zms)+JOP*(1.-ZMS)) BE ',4
55 RETURN BE 55
56 C INITIALIZATION OF CONSTANTS BE 56
57 5 00 6 01I,25 BE S7
56 Al(K)u-.25/(KfK) BE 5e
59 6 A2(K).1 ./(K+1 .) BE 59
60 DO 8 Itil,¶01 BE 60
61 TESTal. BE 61
62 DO 7 KzI,24 BE 62
63 INITrK BE 63
64 TESTr-TEST0IAl(K() BE 64
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:5 Ir (TuST.Lr.¶.[-s) 0O TO a BE is
66 7 CONTINUE I[ 66
67 8 M(Z)CINZT 31 67
so 00 0101 BE 68
G6 END IB 69-
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EVLUA

PURPOSE

To control the evaluation of the Sommerfeld integrals.

METHOD

The integration contour of either Figures 13, 14 or 15 of Part I is used

depending on the values of p, Z + Z' and k1 . Figures 13, 14, and 15

should be inverted, however, since they are for a time dependence of exp(jwt)

and the coding for the Sommerfeld intigrals is for exp(-jWt). Thus the

contours and branch cuts in EVALUA are the conjugate of those shown. The

conjugate of the results is taken at the end of EVLUA to conform to the NEC

time dependence of exp(jwt).

The code from EV 19 to EV 34 evaluates the Bessel function form of the

Sommerfeld integrals using the contour of Figure 13 of Part 1. ROMI is called

to integrate from X - 0 to (p - jp) and GSHANK is called for the path from

(p - jp) to infinity where p-l in the maximum of p and Z + Z' (p - DEL).

If p is greater than 100.1k 11 then ROh1 is called for the interval 0 to

(P1 - jip) where p1 - 101kll' This is done to avoid exceeding the

limit by which ROMI can cut the interval width. Larger steps can then be used U
from (p1 - jp,) to (p - jp) since yl Y2 %X '

The code from EV 39 to EV 86 evaluates the Hankel function form of the

integrals using either the contour of Figure 14 or 15. At EV 50 SUM is the

negative of the integral from a* to c*. GSHANK is then called to integrate

from a* to -c. The decision whether to use the contour of Figures 14 or 15

is made from EV 58 to EV 64. Figure 15 is used if the real part of p(k 1 - k 2 )

exceeds 2k 2 and

I v- " > + Z r

where u + jv - [-(Z + Z') + jp][d* - c*1 is the argument of the exponential

function approximating the Sommerfeld integrand for large A with - d* -

c*. The left side of the inequality is proportional to the decay per cycle

along the c to d path and 0/(Z 4 Z') is the same for the vertical path.

This condition was chosen arbitrarily but gives some indication of when tne

co ntour of Figure 16 may be advantageous. 4'
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For the contour of Figure 15 GSHANK is called to integrate from e* to

ninli iLy. RUMI is then called from e* to f*. The sign of the contribution

trom oth.,r pnrts of the path is switched since they were integrated in reverse

direct ion. Finally, GSHANK is called for the paths from c* to infinity and f*

to infinity.

For the contour of Figure 14 (GS 79 to GS 86) GSHANK is called to

integrate from c* to d* and on to infinity. The increment changes from DELTA

to DELTA2 if d* is reached before the integral converges.

From EV 89 to EV 92 the integrals are combined to form the field

components and the conjugates are taken.

SYMBOL DICTIONARY

A a start of integration interval

ANS a temporary storage

8 - end of integration interval

BK - break point (d*) in path for OSHANK

CKI Wk

CK18Q a
C K2 0 k 2

CK2SQ - k2
2

CP1 a a*

C?2 a b*

CP3 a c*

DEL 0 p

U .LITA w increment along patt

DELTA2 w alternate increment

EPH n (see SHMNEC)

ERH a (see SOMNEC)

ERV w (see SOMNEC)

ELV a (see SOMNEC)

JH a 0 for 6esset function form, I for Hankel function form

Pr P a U. 27
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MIS a temporary atorage

SLOPE - slope of paths to infinity

S• U - temporary storage
'T 01 AG m 1001k I

Z *1 zOO+ 11
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I SUBROUTINE CVLUA (CRV.CZV.CRH.CPH) CV 1
2 C CV 2
3 C EVALUA CONTROLS THE INTEGRATION CONTOUR IN THE COMPLEX LAMBDA CV 3
4 C PLANE FOR EVALUATION OF THE SOMMERFELD INTEGRALS. CV 4
S c CV 5S COMPLEX CRV,EZVERH.CPH,A,I,CKI,CKISQBK,SUM,DELTAANI,DCLTA2,CPI, CV 6
I ICP2,CP3.CKSM,CYI.CT2.C73 EY
a COMMON /CNYOUR/ A,I EV 8
9 COMMON /EVLCOM/ CKSM,CTI.CT2.CT3,CKICK1SQ,"'K2,CI(2SOTKMAOTSMAOC IV 9

10 l~iRZPH,RHO,JH Ey io
11 DIMENSION SUM($). ANS(S) EV 11
12 DATA PTP/.6283185308/ CV 12
13 DCLwZPH cv 13
14 IF (RHOOT.DEL) oCLERH0 EV 14
15 IF (ZPH,LT.2.*RHO) 0O TO 4 IV I5
16 C CV 10
17 C DESSEL FUNCTION FORM OF SOMMERFELD INTEGRALS CV 17
is c IV 18.
19 JHmO CV It
20 Au(O.,O.) CV 20
21 DCL91I./DEL EV 21
22 IF (OCL.LE.TKMAG) 0O TO 2 CV 22
23 BmCMPLX(.l*TKMAG.,l91TKMAG) CV 23
24 CALL ROWI (6,SUM.2) EV 24
25 AND IV 25
26 BCMPLX(DEL,-DEL) EV 26
27 CALL ROMI (e,ANS,2) CV 2?
28 DO01 1m.16 CV 28
29 1 SUM(I)uSUM(I)*ANS(I) CV 29
30 GO TO) CVE 30
31 2 BmCMPLX(DEL.-DEL) CV 31

32 CALL ROWI (G.SUM,2) CV 32
33 3 DELIAOITI*0EL CV 33
34 CALL OSNANK (6,DCLTA.ANS,6.SUM.,0I.S) CV 34
35 00 TOI 10 V 35
36 C CV 36
37 C HANKEL FUNCTION FORM OF SOMMERFELD INTEGRALS CV 37
38 C CV 38
39 4 JH.1 El/ 39
40 CPINCWPLX(O..4*CK2) CV 40
Al CP2mCMPLX(.6sCK2,-.2CK2) CV 41
42 CP3wCWPLX(l *02*CK2.-.2*CK2) CV 42
43 AvCPl CV 43
44 B=CP2 IV 44
45 CALL ROWI (6,SUM.2) EV 45
46 AxCP2 CV 46
47 B=CP3 EV 47
48 CALL ROWI (6,ANS,2) EV 45
49 00 5 ~IM.6 CV 49
50 5 SUM(I)v-(SUM(I)+ANS(l)) EV so
51 C PATH FROM IMAGINARY AXIS TO -INFINITY CV 51

52 SLOP~wiOOO. CV 52
53 IF (ZPH.GT. .OOIIRHO) SLOPEwRHO/ZPH CV 53
54 DEL=PIP/DEL CV 54
55 0ELTAmCMPLX(-I.,SLOPC)ODEL/'SOR'(I *+SLOPE$SLOPE) CV 55
56 DELTA2=-CONJC(DELTA) CV 56

ý7 CALL GSHANK (CPI ,DELTA.ANS.6,SUM,0,BK,9K) CV 57
58 RMISwRHO*(FEAL(CKI )-CK2) CV 58
59 IF (RMIS.LT.2.*CK2) GO TO 8 CV so

60 IF (RHO.LT,1.E-10) Go TO 8 CV 60
6I IF (ZPH.LTl.E1.CO) 00 TO 6 CV 61
62 BK=CM0LX(-ZPH,RHO)*(CKl--CPS) CV 62
63 RMIS~-REAL(BK)/ARS(AIMAG(BK)) CV 63
64 Ir(RmISGT.4.*RHO,'ZPH.)GO TO 8 CV 64
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65 C INTEGRATE UP BETWEEN BRANCH CUTS, THEN TO + INFINIlY EV 65
GE 6 CPImCKI-(.1,,2) Cv 66
67 CP2=CPI+.2 EV 67
68 BK=CMPLX(Q.DCL) EV 6a

70 ANCPI CV 70

71 BmCP2 CV 71
72 CALL ROMI (S.ANS,1) CV 72
73 00 7 I1.16 EV 73
74 7 ANS(I)uANS(l)-SUM(I) CV 74

75 CALL GSHANK (CP3,SK,SUM,6.ANS.0,IKBK) CV 75
76 CALL GSHANK (CP2,DELTA2,ANS,6,SUM.,OK,9K) EV 76
77 00 TO 10 rV 77
78 C INTEGRATE BELOW BRANCH POINTS, THEN TO + INFINITY CV 78
79 a DO 9 To1,6 EV 79
8o 9 SUM(I)n-ANS(I) CV 8o

81 RMISaREAL(CKI)O1.01 cV $I
82 IF 1CK2.1,..TRMIS) RMIS=CK2+1. IV 8ý
83 BK=CMPLX(RMIS, 99*A1MA6(CKI)) EV 83
84 DELTAX6K-CP3 EV 84
as DELTA=DELTA*DCL/CABS(DELTA) EV 85
86 CALL OSHANK (CP3,DCLTA,ANS,6,SUM,1,BK,DELTA2) CV 86
87 10 ANS(6)uANS(6)$CKI CV 87
88 C CONJUGATE SINCE NEC USES EXP(.JWT) EV 86
89 ERV=CONJG(CKISQOANS(3)) CV 89
s0 EZVuCONJG(CKISQO(ANS(2)+CX2SO$ANS(5))) cv go
91 ERHUCONJG(CK2SQ&(ANS(1 ).ANS(6))) CV 91
92 EPHu-CONJG(CK2500(ANS(4)+ANS(6))) CV 92
93 RETURN CV 93
94 END CV 94-
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GSRANK

RPOSE

To S pply the Shanks transformation (ref. 6) to accelerate the

Ionvitrgence of i -qcmi-infinite integral.

METHOD

Six integrals (NANS w 6) are evaluated 3imultaneously in this routine.

The integrals over semi-infinite sections of the contours (Figures 13, 14 and

15 of Part 1) are evaluated by using the Romberg variable interval width

integration method on subsections to obtain a converging sequence of partial

sums

fAo+iA

A 0 +S i = S0 + f(A)dX ll 2= o 2

4A
0

where A0 is the start of the semi-infinite path, S is the contribution.tom other parts of the contour and A is a complex increment with

1A l a m i n i m u m o f i{ .2 7/+
UO. Zi/(Z + Z')

arg(A) a direction of integration path in X-plane

The Shanks interated first order transformation is applied to S. to

accelerate convei'gence. Starting with the sequence of M elements

Q. S., i 1,.. M the .ith iteratid transform is the sequence of

- 2j �lements

2

ii Q + Q -Q?
Qi -l,_j-lQi+l,j-l 1 J-407-i Qi-l,j-1 + Qi+l,j-I 2Qi, j-l
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- Q i,)-1 • i-,j:1)2
(Q 2Q• Qi-L~ -i Qi-1,j-l + Qi+l,j-l - 2Qi,j-l

i-j+ 1, .. M-
j - 1, ... [(K - 0/2].

The second form for Qij is used since it suffers les numerical error as
the sequence converges. Each iteration of the transform should produce a

sequence that converges more rapidly to the limit of the original sequence.

In this subroutine the starting value S0 comes in as SEED. With each
pass tnrough the loop over INT, starting at GS 21, two new values areadded to

the sequence by calling KOMI to evaluate the integrals

AO0÷(2N-I),6

S2N-I 2N-2 +f(d

AO÷( 2N-2)A

fA0 +(2N)&

S2N S S2N-1 + f(X)dA
"AO÷( 2N-Ih)

where N - INT. The (N - 1 )th interated Shanks transformation, consisting of

the two elements aN,N-L and QN+LN-_' is then computed. At the end of
each pass through the loop over INT the arrays Ql and Q2 contain the last two

elements in each sequence. For function I,

q1(Ii) - q2N-J,J.

Q2(I,J) Q q2N-J+l,J-1 J a 1, .*. N.

For the pith from c to infinity in Figure 14 of Part I the point d is a

break point at which a may change. If d is reached before convergence the
Shanks transformation is started over with the final value of Si becoming

S0 for the new sequence.
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Coivergence is tested from GS 78 to GS 89 by comparing the last two

values in the transformed sequences. Although the last sequence, consisting

of two elements, should have the highest convergence the last four sequences

are tested to avoid a faLse indication of convergence. The relative

difference is computed for each of the six functions and compared witn CRLT.

If convergence does not occur by INT * MAXH a message is printed and the

average of the two values in the last sequence is used for each integral. In

computing the relative difference for each function the denominator is not
allowed to be less than 10=3 times the magnitude of the largest of the six

functions to avoid convergence problems when one function goes to zero.

SYMBOL DICTIONARY

A a beginning of integration subinterval

Al a new value for Ql array

A2 a new value for Q2 array

AA - temporary storage

A4G a approximate magnitude of function

ANSl = S. for i odd

ANS2 a S, for i even
AS1 a Si for i odd

AS2 W Si for i even
8 w end of inteýJration subinterval

13K -* break point in integration contour

GRIT a limit for relative error in convergence test

DEL 0 a

DELA m 6 before break point

DELB - 6 after break point

DEN - approximate magnitude of the largest of the six functions

(GS 76)

DENM w minimum denominator for relative error test

1I11, • 1 if path contains break point

16X w 0 if path contains break point and it has not been passed

INT w N
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INX = INT

JM - j - 1

MAXH w maximum for index J in Qi and Q2

NANS w number of functions (6)

Ql, Q2 - ($et de3cription of method)

RBK a real part of BK

SEED a S0

START w A0

SUM w increment to integral,

O-
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I SUBROUTINE OSHANK (STARTDELA.SUM.NANS.SEECO4IKSKDELS) Gs ¶
2 C Gs 2
3 C GSHANK INTEGRATES THE 6 SOMMERFELD INTEGRALS FROM START TO GS 3
4C INFIN1TY (UNTIL CONVERGENCE) IN LAMBDA. AT THE BREAK POINT, UK. GS 4

5 C TH STEP INCRrMFNT MAY BC CHANGED FROM DELA TO OELL. SHANK S GS 5
S c ALGORITHM TO Ac.CELINAII CONvCROENcr OF A 91t~lY CONVER0GING SERIES 0S &

I c 13USED 45 1
B C as a
* COMPLEX START,DELA,SUM,SEED,SK,DELBIA.,BQI02,ANSI,ANS2,AI,A2IFASI, OS 9
10 1A52,DEL,AA aS 10
11 COMMON /CNTOUR/ A,B Os 11
12 DIMENSION 01(6,20). 02(6,20), ANSI(S), ANS2(6), SUM($), SEED(S) CS 12
13 DATA CRIT/I.E-4/.MAXH/20/ OS 13
¶4 RBKORCAL(BK) as 14
Is DEL=DELA a
le ZBxuo as Is
17 IF (TBK.EQ.O) ISXal as 17
Is DO I Is1NANS OS is
19 ¶ 'ANS2(l)OSEED(z) 05 it
20 BmSTART CS 20
21 2 DO 20 INTul,MAXH aS 21
22 INXwINT 05 22
23 A0I OS 23
24 BrAB+DEL CS 24
25 IF (IBX.EQ.OANO.REAL(B).OE.RUK) 00 TO 5 as 25
26 CALL ROWM (NANS,SUM.2) GS 26
27 00 3 lol,NANS 05 27
26 3 ANSl(I)mANS2(I)+SUM(I) G5 26
29 Age 03 20
30 GS+(L0 30
31 IF (ImXAcoo.ANoREAL(B).0E.UlK) 00 TO S 05 31
.32 CALL ROMI (NANS.SUM.2) OS 32
35 00 4 1.1 ,NANS 0S 33
34 4 ANS2(1)wANSlI()+SUM(I) GS 34
35 ' 00 TOl 105o 35
so C HIT BREAK POINT, RESET SEED AND START OVER, OS 35
37 5 lexal 0S 37
36 00 TO7 os 38
39 6 I9Xju2 CIS 39
40 7 1=6K Gs 40
41 OELwDELD CS 41
42 CALL ROMI (NANS,SUM,2) OS 42
43 IF (ZmX.EQ,2) GO TO 9 GS 43
44 DO 8 IinlNANS OS 44
45 8 ANS2(I)zANS2(I)+SUM(I) GS 45
46 GO TO 2 GS 46
47 g DO 10 lc1,NANS CS 47
46 10 ANS2(I)xANSi(I)4SUM(I). OS 45
49 GO TO2 GS 49
50 11 DENtxO, OSso5
51 DO 18 InlNANS OS 51
52 ASIEANSI(I) 05 52
53 AS2=ANS2(I) OS slý
54 IF (INT.LT.2) 00 TO 17 G5 54
!5 DO IS Jm2.INT 05 55
56 jiMmJ-1 0S 56

A4m02(r,Jm) GS 57
be AlmQ1(rJM)+ASl-2*AA GS 56

59 F (RLAL(A1).Cq.O, ANDAIMAO(AI).EO.O.) 00 TO 12 05 59
so A2wAA-Oi(Z.JM) OS SC
61 AlxOl(IJM)-A2*A2/Al GS 61
62 G0 TO 13 GS 52
63 12 Al 001(1, JM) GS 53

64 13 A2mAA+AS2-2.*ASl 05 54
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65 IF (REAL(A2).co.o. .AND.AIMAO(A2).C0).0.) GO TO 14 S6
66 A2mAA-(ASI-AA)*(ASI-AA)/A2 GS 66

6? 00 TO 15 GS 67
$a 14 A2uAA as so
Go Is QI(I.JM)NASI Os is
70 02(Z.JM)EAS2 as 700
71 ASImAl G5 71
72 16 AS2wA205 2
73 17 Q1I(4NT)uAS1 as 72

74 02(1,4NT)BAS2 os 74

75 AMCuASS(RtAL(AS2) )+AUS(AZMAO(AS2)) as 75
76 If (AMO.OT.OEN) DENuAMO as 7+6
77 is CONTINUE as 77
76 DENMui .1-3*OENOCRZY as 75
70 JMimZNT-3 as 79
so IF (JMLT.i) JMal as so
al 00 1, JwJM4INT as al
62 D01 IS Zu,NANS as 82
63 Al.02(I.J) OS 63
84 DENu(AIS(REAL(A1))+AIS(AZMAO(A1)))OCRIT 05 64
as IF (DEN.LY.DENM) DENuDENM as 65
66 AIEQI(Z,J)-Al as Be
67 AMOUASS(REAL(AI))4.AUS(AZMAO(AI)) 05 87
$a IF (AMO.GT.DEN) 00 TO 20 OS 6s
89 10 CONTINUE 05 89
g0 00 T022 05 go
91 20 CONTINUE as 01
02 PRINT 24 05 02
93 00 21 ZIm,NANS 05 93
94 21 PRINT 25, QlI(,ZNX),02(I.ZNX) OS 04
05 22 00 23 1.1 HANS 05 95
06 23 SUM(I)w.50(01(I.ZNX)4.Q2(I.INX)) 05 06
97 RETURN 05 07

99 24 FORMAT (45H **'0 NO CONVERGENCE IN SUBROUTINE OSHANK *** goS00
100 25 FORMAT (l0E12.5) OS 100
101 END 05 101-
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HANKEL

Ii ANIKE L

*URPOSE

hI' vut:IpiiL' til 1hninkol fuicetion of tihe first kind, zeroth order, and its

derivative for a complex argument.

METHOD

For argument magnitudes leas than a limit Z the functions are

evaluated by the ascending series and for larger magnitudes by Rankel's

asymptotic expansion (ref. 5). The series are

2 do) 2 /4) kY0(z) . n(z/2)Jo(Z) 2 * (k÷•) L-z2!•)

k=0 W.)

2- 2 /4Z
y(Z) 2 + 2 ln(Z/2)J 0 (Z) + (_,(k~l) ÷+*(k+2)) k'(k4l)'

k-0

*here y(k+l) + m

y * Euler's constant - 0.5772156649

The Hankel functions are

H (z) • jo(Z) + j ,o(Z)

The series for J 0 (Z) and J 0 (Z) are given in the descrietion of subroutine

B!S'IK.. Th. number of terms used with an argument Z is M(OZ) where IZ ' a. + IZI2

Ine ,' .Y I is filled for IZ from I to 101 on the first call to AWTKEL by

det. :-ininp,. the value of k ;.t which the term in the series of Y is less
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When IZI is greater than Z Hankel's asymptotic expansions are
used with two or three terms. These are

H (1)(z) -Q/• (Vz) + 4 Q(lz),je)

P(VZ) and Q(VZ) are given in the description of subroutine BESSEL.

When Ze < IZI 4 Za + A both the series and asymptotic forms are

evaluated and are combined as in BESSEL to eliminate any discontinity. In

HANK&L Z Iis 4 and 4 is 0.1.

SYtBOL DICTIONARY

Al , -1./(4k
2)

A2 - l./(k+l)

A3 a 2*(k÷l)

A4 a [Y(k÷l) + %(k+2)j/(k~l)

Ci - Lw(l) + *(2)j/(2T)

C2 a 2y/Tn LO

C3 - V.TFT
CLOGZ w ln(Z)
FJ - Ft
Fijx 0 PJ
CAMJdA * yf
H9) a jj 1)(Z)

HOP a H('), (Z)0
IB a 1 to indicate that both the series and asymptotic forms will be

evaluated and combined

INIT - flag to indicaLS that initialization of constants has been

completed

IZ - 1. + 1ZI2
JO - o(*

JOP 0 Jo(Z)
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HANKEL

K a sunmmatic~n ýndeg k, summed from !.o l-mLt

lM a array of upper limits for k

MIZ - upper limit for k

I•)•, I110), '11, PIZ, P20, P21: sce, 11S9IF.IL

III U 1

POF 0 71/4
PSI -*
QOZ, QIO, Qil, Q1Z, Q20, Q21: see BESSEL

TEST w magnitude of term in the series
YO - Yo0lZ)

NO P - 0o(Z)

z Z

z! - Z2 or I/Z

Z12 */Z2

ZK * (-Z 2/4)k/(kt) 2 ; also temporary storage

ZM$ 1z 21 or temporary storage

16. 42

16.81 a 4.1

31.41592654 - IM

-415-



HANKEL

I SUBROUTINE HANKEL (Z,HO,HOP) HA 1
2 C HA 2
3 C HANKEL EVALUATES HANKEL FUNCTION OF THE FIRST KIND, ORDER ZERO, HA 3
4 C AND IT5 DERIVATIVE FOR COMPLEX ARGUMENT Z. HA 4
5 C HA 5
6 COMPLEX CLOOZ,HCJ,HOP,JO,JOP,PQz,PIZ,QOZ,Q1Z,YO,YOP,Z4,z1,Z2,ZK,FJ HA 6
7 DIMENSION M(1O1), Ai(25). A2(25)1 A3(25)f A4(z1), rJx(2) HA 7
a EQUIVALENCE (FJ,rJx) HA 8
9 DATA PI,OAh4MA,C1,C2,C3,P¶OP20/3.14¶592fl4,.577215614s,-.024578500 HA 9

10 15t.3674669052,.7978845608,.0703125,.1121520996/ HA 10
¶1 DATA QO.DQ20,P11,P21.011,021/.125,.073242l175,.1171575,.144¶155566 HA 11
12 1,.375,.1025390425/ HA 12
13 DATA POF,INIT/.7653961635,O/,7JX/O,,¶./ HA 13
14 IF (INIT.CO.0) 00 TO 5 HA 14
15 1 ZMSNZOCGNJG(Z) HA 15
16 IF (ZMS.NC.O.) 00 TO 2 HA 16
17 PRINT 9 HA 17
I$ STOP HA il6
19 2 Zeno HA 19
20 IF (ZMS.GT.16.51) 00 TO 4 HA 20

21 IF (ZMS.CT.16.) I0=1 HA 21
22 C SERIES EXPANSION HA 22
23 1Zwl.4ZMS HA 23
24 MIZUM(IZ) HA 24
25 Jou(¶,.10) HA 25
26 JOPNJO HA 25
27 YON(O',o.) HA 27
28 Y0PEYO HA 25
29 ZKwJO HA 29
30 Z~uZ*Z HA 30
31 00 3 km1,UIZ HA 31
32 ZKNZK$AI(K)$ZI HA 32
33 JOaJD4ZK HA 33
34 JOPmJOP*A2(X)O2K HA 34
35 YONYO+A3(K)IZK HA 35
36 3 YOPaaYOP+A4(K)*ZK HA 36
3? JOPN.-5426jop HA 37
38 CLO0ZmCLO0( .54Z) HA 38
39 YO=(2.fJO*CLOOZ-YO)/PI+C2 HA 39
,t0 Y0P.(2./24'2.*J0PSCLOOZ+.5SY0P$2)/PI+Ci$Z HA 40
41 HOmJ0+7.PYO HA 41
42 HOPmJOP+FJ*YOP HA 42
43 IF (18,COO) RETURN HA 43
44 YOmHO HA 44
45 YOPuHOP HA 45
46 C ASYMPTOTIC' EXPANSION HA 48
47 4 ZlwI,/Z HA 47
48 Z1241621 HA 48
49 P02m.1 (P20$ZI2-PiO)*ZI2 HA 49
50 PlZl.l*(Pi1-P2i'2I2)4Z12 HA 50
51 OOw(Q20'Zl22.0l0)*Zl HA 51
52 QiZ.(Oli-Q216ZI2)*ZI HA 52
53 ZKmCEXP(FJ(-POF))OCSORT(ZI)$C3 HA 53
5A HOEZKO(POZ+FJ$002') HA 54
55 HOP*FJ$ZK*(PiZ4F.1*0l2) HA 55
36 IF (191.0Q.) RETURN HA 56
57 ZMSmCOS((SORT(ZMS)-4ý)31.41192654) HA 57
58 H0mS6(YCOb(1.ZMS)+H04(l.-ZMS)) HA 58
59 HOPK.5(Y0P$(1.ZMS)+HOP*(1.-ZMS)) HA 59

60 RETURN HA 60
61 C INITIALIZATION 0! CONSTANTS HA 51
62 5 PSlw-QAMHA HA 62
63 DO 6 Kal,25 IiA 63
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HANKEL

OS 2(Ks1/(K¶)HA 65
66 PSIMPSI+I ./K HA 66

67 A3(K)uPSII.PSI HA 67

Go 6 A4(K)E(PSI+PSI+1 ./(K+l )'/(K+t .) MA 68

69 006 8 31,101 HA 690 0 ICITRI. HA 70
71 00 7 K'Ji,24 HA 71

72 INITEX HA 72

73 IIESTO-TEST*16A1(K) HA 73

74 ir (TEST*A3(K).LTI.1.C6) 00 TO 6 HA 74
75 7 CONTINUE HA 75

76 a M(I).ZNIT HA 76
77 40OTO I HA?77
76 C HA 78

79 3 + ORMAT (3414 ERROR - NANKEL NOT VALiD rom zooC.) HA 79

so END HA so-
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LAMBDA

LAMBDA

PURPUSE

To 6%.unpuce the complex valuLo of A from the real integration parameter

in ROUM.

MIETHiOD

For integration along a straight path between the points a and b in the

A plane, A and dA are

X - a + (b - a)t

dX (b - a)dt

SY'MBL DICTIONARY

A A

B

D XL LA b - a

X LAA1 *

~i 4 , M



LAMBDA

I SUBROUTINE LAMBDA (TXLAMDXLAM) LA I
2 C LA 2
3 C COMPUTE INTEGRATION PARAMETER XLAM=LAMBDA FROM PARAMETER T. LA 3
4 C LA 4
5 COMPLEX ABXLAMOXLAM LA

& COMMON /CNTOUR/ A,@ LA 5
7 UXLAM,18-A IA 7
B XLAMLA4.DXLAMOT LA 8
9 RETURN LA 9

10 END LA 10-
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ROMI

PU I• P0 S'

To integrate the Sommerfeld integrands between two points in A by the

method of variable interval-width Rombtrg integration.

METHOD

A and B in common block /CNTOUR/ are the ends of the integration path

and are set before ROMI is called. The integration parameter Z in ROMI starts

at sero and ends at one. The corresponding value of X is determined by

subroutine LAMBDA as

A W A + (B - A)Z

Subroutine SAOA returns six integrand values which are handled simultaneously

in loops throughout the code. The Romberg variable interval-width integration

method will not be described in detail since it is the same as that used in

subroutine INTX in the main NEC program. The convergence test in ROMI

requires that all six components satisfy the relative error tests

simultaneously.
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ROMI

I SUBROUTINE ROMI (NSUMNX) NO i
2 C NO 2
3 C ROMI INTEGRATES THE 6 SOMMERFELD INTEGRALS FROM A TO B IN LAMBDA. NO 3
4 C THE METHOD OF VARIABLE INTERVAL WIDTH ROMBERG INTEGRATION IS USED, NO 4

6 COMPLEX A.BSUMG1,02,G3,04,0STOOTO1,TIO,T02,TiiT20 NO 8

72 COMO /0.U . No 12
a3 DIENSION, MG.G~) 26,0() 4l,0() ~~) I NO 13

15 1) 720S(6EN) NO ¶5
16 AT Z NM.TSRX1307-41,4 NO 10
17 00 1 Iul, NO 11

13 Z~wNX NO 13
20 W.~ NO 20
15 CALLSAOA (, 016 ) NO 21

22 2 0 1ZSA4S NO 22
2s II (Z+DZ~.LE.Z) GTO3NO 23,
24 DZZE-Z NO 24

260 NTOZ DZ. NO 20
27 CALL SAGA (Z+DO,01 ) NO 21

28 CAL (AOA Z.LEZE0) GOTO30 28
294 DNOG[mO NO 24
30205 IF D.E.P ONO1 NO 30
2631 DZTmDuG1()+5(I O NO 31
327 CALLSAGA(TO+DZOT03()). NO 327

33 TlO(I)m(4,-T0i(I)-T0O)/3. NO 33
34 C TEST CONVERGENCE OF 3 POINT ROMBERG RESULT NO 34
35 CALL TEST (REAL(TO¶(I)).REAL(TiO(I)).TNAIMAO(T01(Z)),AIMAG(TIO(1) NO 35
36 1)TI,O.) RD 36
37 IF (TR.GT.RX.OR.TI.GTRX) NOGOwl RO 37
38 5 CONTINUE NO 38
39 IF (NOGO-NEO) GO TO 7 NO 39
40 DO 6 I=1.N RD 40
41 6 SUM(I)=SUM(I)+T¶O(I) NO 41
42 NT=NT+2 NO 42
43 GO TO 11 NO 43
44 7 CALL SAOA (Z+DZ*,25,G2) RD 44
45 CALL SAOA (Z+DZ*.75,04) NO 45
46 NOGO=O RO 45
47 DO B I=1,N NO 47
48 T02=(TOI(I)4DZOT*(02(f)+G4(l))) .5 NO 48
49 Tll=(4.*TO2-TOl(I))/3. RO 49
50 T20(1)w(16,6Tll1-Tl0(I))/i5. NO 50
51 C TEST CONVERGENCE OF 5 POINT ROMBERG RESULT NO 51
52 CALL TEST (REAL(TiI).REAL(T20(Z)),TNAIMAO(Tii),AIMAG(T20(I)),T!.O NO 52
53 1.) NO 53
54 IF (TR.GT.RX.OR.TI.OT.RX) NOGO~1 NO 54
55 a CONTINUE NO 55
56 IF (NOCO.NED) 00 TO 13 RO 56
57' 9 00 10 1-luN NO 57
Be 10 SUM(I)=SUL4(I.'-T2O(I) NO 58
59 NT=NT~l NO 59
60 11 Z:!Z+DZ NO 60
61 IF (Z.CT.ZEND) GO TO 17 NO 61
62 DO 12 1=1 ,N NO 62
63 12 RlIr5I O 63

64 IF' (NT.LTNTS.OR.NSLE.NX) GO TO 2 NO 64
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ROMI.

65 NS'mNS/2 RO 65
66 NTwi RO 66
87 00 TO2 RO 67
Go 13 N7=0 RD 68
70 If (SLSTE.NQ.) GO TO 95 RD 70
60 IF (NSLTE.NM.) GO TO IS RD 60
71 LSTEPwI RD 71
72 CALL LAMBDA (2,700,711) RD 72
73 PRINT 18, TOO RD 73
74 PRINT 12, Z,DZ,A,B RD 74
75 DO 14 wlaiN RD 75
76 14 PRINT 19, Gl(I),02(I)tG3(I),04(I),G5(I) RD 75
77 00OTO I RD 77
78 15 NSoNS02 RD 78
79 DZuS/NS RD 79
so DZOTuDZ*.S RO so
SW DO IS Ia1,N RO $1
82 G5(1)=03(I) RD 82
83 16 G3(I)u02(I) RD 83
64 0070O4 RD 64
85 17 CONTINUE RD 85
86 RETURN RO as
87 C R0 57
aS 1s FORMAT (35H4 ROMI -- STEP SIZE LIMITED AT LAMBDA u.2CI2.5) RD 68
89 19 FORMAT (l0C12.5) R0 8o
90 END RD go..
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SAOA

SAOA

S PURPOSE

V To compute the integrands for the Sommerfeld integrals,,

MET HOD

The input to SAOA is tne integration parameter T and constants in common

block /EVLCOM/. The integration variable X corresponding to T is obtained

by caLling subroutine LAW4DA. The values returned in array ANS are

ANIS(3) D DH 01 1p)e"Y2 (Z+z') A 3d./dTAHS() " 2 0 k~

2 (1) -Y2 (z+z')
ANS(2) - 2 y2 HY2 H P)e A, dX/dT

(1) -1Y2(z+z') 2
ANS(3) a -D2 Y2 H0  (,p)e )X dX/dT

ANS(4) 1 C'D2l)' -Xey2 (Z4Z') 2dd

D"H0  (Z+Z, )~ ~d

ANS(5) - D2 H'D(1)p) 2 xd X/dT

-1 (1) -y 2 (Z+z')

ANS(b) - k 1DIt(1)" (Ap)e XdX/dT

k

where 1) 2

I +k 2 y (k 2+k 2

2 1 2 _

k 2

D2 1 2(Y2-Y1 )

22 2 2 2  2k1 y2  y1  Y2(kj +K2) ( k Y2+k
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SAOA

[A A2  k 2- 1/2

2 k2 L/2

ka 1 k2(Cl -ko2  / 2

k 2 aW A 17

The-integrands given above are computed when JH >0, When JH S 0,
H(1)(,A) is replaced by 2J 0 (AP). The functions -yl and Y2 are computed from00
SA 24 to SA 29 so that the branch cutes are vertical. This is not necessary

from SA 17 to SA 20 since for the Bessel function form the integration contour

is confined to a different quadrant than the branch cuts.

To avoid loss of accuracy due to cancellation when X is large, D2 is

computed from the approximation for Y2 - Y14

[1k,2-k22 , k~l-k2 , 1'lk

when IX2 > 100.1k I2.

The sign isa

- for AR < k2 , 2 , > 0

- for XAR < -k, 1 ( 0

+ forA R > k, A, > 0

+ fork > -k2 0.

There is no cancellation and this approximeation is not valid when

k AR k, X' A, 0
or -k 1 r2

D and D2 are computed from SA 30 to SA 44.
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SAOA
SYMBOL DICTIONARY

ANS w integrand values

do 2J(P) or (

MOP w 2Jo(%0 )/p ) (XP)/P

CGAM1 = Y*

CGAM2 " y 2

CK, a k1

CKIR a real part of k 1

CKLSQ a k2

CK2 a k2

CK28Q w k2

2

01(8K a k2/(k 2 *2)
2 12

COM a exp L-" 2 (Z*Z') XdX/dT at SA 4S

Cr]. w (k 2_k 2)/2

CT2 a(

CT3 (k 6Ck 6)/16

DENI a D1

DEN2 a D2

DGAM w 2 - '1

DXL a dX/dT

JH a flag to select Bessea] or Hankel function form

RHO 0 p

SIGN u sign in approximation for Y2 "y

T a integration parameter

I'KiAG w 100.1k I

TSAAG w 100.1k 12

XL a 4

X!,R w real part of A

"4 ZPH " Z + Z'
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I SUBROUTINE SAGA (TIANS) SA 1
2 C SA 2
3 C SAOA COMPUTES THE INTEORAND FOR EACH Or THE I SA 3
4 C SOMMERFELD INTEGRALS FOR SOURCE AND OBSERVER ABOVE GROUND SA 4
SC c A 5
* COMPLEX ANS.XL,DXL.CGAMI,CGAM2,9O.BOP,COM,CKi,CK¶SQ,CKSkI,CTI,CT2,C SA 6
7 IY3,DGAM,DENI,DEN2 SA 7
a COMMON /EVLCOM/ CKSM,CTI,CT2,CT3,CKICKiSQ4 CK2,CK2SQ.gCMAO,TSMAG,C SA 8
I 1I(IA,ZPH,RHO.JH SA 9
10 DIMENSION ANS(O) SA 10
II CALL LAMBDA (TXL.DXL) SA 11
12 IF (JH.GT.0) 00 TO I SA 12
13 C OESSEL FUNCTION FORM SA 13
14 CALL ICISEL (XLORHOUODOP) SA 14
1s B0m2,*UO SA Is
is B0Pn2.$BOP SA Is
17 CGAMlwCSQRT(XL*XL-CKISQ) SA 17
Is6 CGAM2wCSORT(XL0XL-CK2SQ) SA 18
19 IF (REAL(COAMi).[Q.O.) COAMia~k4PLX(O.,-ABSSAIMAO(CGAMI))) SA 19
20 IF (RCAL(COAM2).EQ.O,) COAM2uCMPLX(O.,-AUS(AIMAO(CGAM2))) SA 20
21 00OTO2 SA 21
22 C WANKEL FUNCTION FORM SA 22
23 1 CALL WANKEL (XL$RHO.UO,BOP) SA 23
24 COMmXL-CKi SA 24
25 COAMIwCSQRT(XL+CK1)*CSORT(COM) SA 25
26 IF (REAL(COM).LT.O..AND.AIMA0(COMh).CE.O.) CGAMIm-CGAMl SA 26
27 COMmXL-CK2 $A 27
28 COAM2mCSORT(XL+CK2)*CSQRT(COM) SA 28
29 IF (REAL(COM).LTSO..ANO.AZMAO(COM).GE.O.) COAM22-COAM2 SA 29
30 2 XLRftXL$CONJ:G(XL) SA 30
31 IF (XLR.L7.TSMAO) 00 TO 3 SA 31
32 IF (AIMAG(XL).4Y.0.) 00 TO 4 SA 32
33 XLR*REAL(XL) $A 33
34 IF (XLR,LT.CK2) 00 TO 5 SA 34
35 IF (XLROT.CKIR) 00 TO 4 SA 35
36 3 DGAMmCOAM2-CGAMi SA 36
37 0070O7 SA 37
3I 4 SZON*I. SA 35
39 00 TO6 IA 39
40 5 SIIN*-1 , SA 40
A 1 6 DOAMol./(XLOXL) IA 41
42 OGAMESIGIO((CT3'DGAM+CT2)00GAM4.CTI )/XL SA 4?
43 7 DCN2uCKSMODGAM/(CGAM2S(CK¶ISOCOAM2+CK2SQSCOAMI)) IA 43
44 DENImI ./(CCAMI+CGAM2)-CKSM/CGAM2 IA 44
45 COMODXLOXLOCEXP(-CGAM2Z2PH) $A 45
46 ANS(6)=COW*8O*DENi/CKl SA 46
47 COM=COMODEN2 SA 47
46 IF (RHO.EQ.0.) GO TO 8 SA 46
48 BOP=BOP/RHO $A 49
50 ANI(1 )m-COM*XL4(80P+80$XL) IA 50
51 ANS(4)COM6XL08OP IA 51
52 GO0709 IA 52
33 6 ANS(1)=-COMOXLXL*.S SA 53
54 ANS(4).ANS(l) SA 54
55 9 ANS(2)uCOM9CGAM2$CGAM260O SA 55
56 ANS(3)=-ANS(4)'CGAM2*RHO IA 56
57 ANS(5).COM080 IA 57
be RETURN IA 55
5o END IA 59-
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SECOND - see SECOND in maLn NEC program. TEhST

I'"S -- see T•ST in mnain NEC program.
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2. COMfON BIOCKS IN SOMNEC

CUOMON/CNTOUR/ A, B

Routines U/_nj /CNTOUR/

EVLUA, GSHANK, LAMBDA, ROMI

Parameters

A a start of integration interval

B m end of integration interval

A and b are used by subroutine LAMBDA to compute the complex value of X from'

the real parameter supplied by ROMI.

COMON//EVLCOM/ CKSM, CT1, CT2, CT3, CKl, CKISQ, CK2, CK2SQ, TKMAG, TS,4AG,

CKII ZPH, RHO, JH

Routines Using /EVLCOM/

50MNEC, EVLUAj SAOA

See symbol dictionaries for subroutines

COMON/GG(•ID/ ARI (11, 10, 4), AR2 (17, 5, 4), AR3 (9, 8, 4), EPSCF, DXA(3),

DYA(3), XSA(3), YSA(3), NXA(3), NYA(3)

Routines Using /GGRIL)/

SU0,NEC (main program)

Parameters

AK2 - array for grid 1 (see Figure 12, Part I)

A$R2 w array for grid 2

Ak3 * array for grid 3

;PSCF a C

C
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For grid i, ARi.(j, k, m) is the value of I V I , IIH or I for

* M N 1, ... 4 respectively at the point

R/X -a ('-S)R 1 + t, j ... sIN

t = Ti + (k-1)A8i k 1 1 ee, M

where S. 6 XSA(i)

aK1 * DXA(i)

Ni * NXA(i)

T i YSA(i)

46 DYA(i)

Mi " HYACI)

XSA and DXA are in units of wavelength, YSA and DYA are in units of radians.

The upper limit of grid 1 (XSA(2) s XSA(3)) and the upper limit of grid 2

(YSA(3)) may' be changed and the densities of points may be changed.

Boundarieu that are zero should not be changed without modifying subroutine

INTRP in NEC. The three grids must cover the region 0 _ R1 /). <I and

0 < b < T/2,
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3. ARRAY DIMENSION LIMITATIONS

"Number of Points in InLerpolation Grids

Ar r'ays.,

CUOMON/UGRID/AKI (N)., MI, 4), AR2 (N 2 , M 2, 4), AR3 (N 3, M3, 4)

where Ni ! NXA(i) and Mi >, NYA(i)

The dimensions in common /OGRWD/ in S0MNEC must be the same as the dimension of

/GGAID/ in NEC.

Maximum Number of Iterations in GSI•AN

Arrays

Subroutine Q6HANKd Qi (6, HAXH), Q2 (6, MAXH)

wnere MAXH a maximum value of INT in GSHANK #agt at GS 13.
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4. SOt4NC SUBROUTtINE LINK(AGE

'igturu L shows the orilanivation of mubroltines in 8M0N•C.
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FINuC17 OND E Sur'uVeLUAae hr

NOW 41HA0
Too-r--j L-432-O
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Preface
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Abstract

The Numerical Electromagnetics Code (NEC-2) is a computer code for

analyzing the electromagnetic response of an arbitrary structure consisting of

wires and surfaces in free space or over a ground plane. The analysis is

accomplished by the numerical solution of integral equations for induced

currents. The excitation may be an incident plane wave or a voltage source on

a wire, while the output may include current and charge density, electric or

magnetic field in the vicinity of the structure, and radiated fields. NEC-2

includes several features not contained in NEC-1, including an accurate method

for modeling grounds, based on the Sommerfeld integrals, and an option to

modify a structure without repeating the complete solution.

This manual contains instruction for use of the Code, including

preparation of input data and interpretation of the output. Examples are

included that show typical input and output and illustrate many of the special

options available in NEC-2. The examples exercise most parts of the Code and,

hence, may also be used to check that the Code is operating correctly. Two

other manuals for NEC-2, covering the equations and details of the coding, are

referenced.
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Section I
"Introduction

The Numerical Electromagnetics Code (NEC-2) is a user-oriented computer

code for analysis of the electromagnetic response of antennas and other metal

structures. It is built around the numerical solution of integral equations

for the currents induced on the structure by sources or incident fields. This

approach avoids many of the simplifying assumptions required by other solution

methods and provides a highly accurate and versatile tool for electromagnetic

analysis,.

The code combines an integral equation for smooth surfaces with one

specialized to wires to provide for convenient and accurate modeling of a wide

range of structures. A model may include nonradiating networks and transmis-

sion lines connecting parts of the structure, perfect or imperfect conductors,

and lumped element loading. A structure may also be modeled over a ground

plans that may be either a perfect or imperfect conductor,

The excitation may be either voltage sources on the structure or an

incident plans wave of linear or elliptic polarization. The output may include

induced currents and charges, near electric or magnetic fields, and radiated0fields, Hence, the program is suited to either antenna analysis or scattering
and EMP studies.

The integral equation approach in best suited to structures with dimen-

sions up to several wavelengths. Although th.re is no theoretical size limit,

the numerical solution requires a matrix equation of increasing order as the

structure size is increased relative to wavelength. Hence, modeling very

large structures may require more computer time and file storage than is

practical on a particular machine. In such cases standard high-frequency

approximations such as geometrical optics, physical optics, or geometrical

theory of defraction may be more suitable than the integral equation approach

used in NEC-2.

NEC-2 retains all features of the earlier version NEC-I except for a

restart option. Major additions in NEC-2 are the Numerical Green's Function

f- partitioned-matrix solution and a treatment for lossy grounds that is

accurate for antennas v-ry close to the ground surface. NEC-2 also includes

an option to compute nhlximum coupling between antennas and new options for

structure input.
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This manual contains instructions for use of the NEC-2 code and sample

runs to illustrate the output. The sample runs may also be used as a standard

to check the operation of a newly duplicated or modified dock. There are two

other manuals for NEC-2: Part I: NEC Program Description - Theory (ref. 1);

and Part Ii: NEC Program Description - Code (ref. 2). Part I covers the

equations and numerical methods, and Part 11 Is a detailed description of the

Fortran code.
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Section I!
Structure Modeling Guidelines

The basic devices for modeling structures with the NEC code are short,

straight segments for modeling wires and flat patches for modeling surfaces.

An antenna and any other conducting objects in its vicinity that affect its

performance must be modeled with strings of segments following the paths of

wires and with patches covering surfaces. Proper choice of the segments and

patches for a model is the most critical step to obtaining accurate results.

The number of segments and patches should be the minimum required for

accuracy, however, since the program running time increases rapidly as this

number increases. Guidelines for choosing segments and patches are given below

and should be followed carefully by anyone using the NEC code. Experience

gained by using the code will also aid the user in developing models.

1. WIRE MODELING

A wire segment is defined by the coordinates of its two end points and

its radius. Modeling a wire structure with segments involves both geometrical.nd electrical factors. Geometrically, the segments should follow the paths

of conductors as closely as possible, using a piece-wise linear fit on curves,

The main electrical consideration is segment length A relative to the

wavelength X. Generally, A should be less than about 0.1 X at the desired

frequency. Somewhat longer segments may be acceptable on long wires with no

abrupt changes while shorter segments, 0.05 X or loes, may be needed in

modeling critical regions of an antenna. The size of the segments determines

the resolution in solving for the current on the model since the current is

computed at the center of each segment. Extremely short segments, less than

about 10-3 A, should also be avoided since the similarity of the constant and

cosine components of the current expansion leads to numerical inaccuracy.

The wire radius, a, relative to X is limited by the approximations used

in the kernel of the electric field integral equation. Two approximation

op..ris are available in NEC: the thin-wire kernel and the extended thir-wire

1kerncl. These are discussed in reference 1. In the thin-wire kernel, the

current on the surface of a segment is reduced to a filament of current on the

segment axis. In the extended thin-wire kernel, a current uniformly distributed

around the segment surface is assumed. The field of this current is

approximated by the first two terms in a series expansion of the exact field
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in powers of a . The first term in the series, which is indei'endent of a, is

identical to the thin-wire kernel while the second term extends the accuracy

for lirger values of a. Higher order approximations are not used because they

would require excessive computation time.

In either of these approximations, only currents in the axial direction

on a segment are considered, and there is no allowance for variation of the

current around the wire circumference. The acceptability of these approxi-

mations depends on both the value of a/A and the tendency of the excitation

to produce circumferential current or current variation. Unless 27wa/X ts

much less than 1, the validity of these approximations should be considered.,

The accuracy of the numerical solution for the dominant axial current

is also dependent on 6/a. Small values of V/a may result in extraneous

oscillations in the computed current near free wire ends, voltage sources, or

lumped loads. Use of the extended thin-wire kernel will extend the limit on

A/a to smaller values than are permissible with tho normal thin-wire kernel.

Studios of the computed field on a mieqment due to Its own current have shown

that with the thin-wire kernel, &/a must be greater than about 8 for errors

of less than 1%. With the extended thin-wire kernel, W/s may be as small as

2 for the same accuracy (ref. 3). In the current solution with either of

these kernels, the error tends to be less than for a single field evaluation.

Reasonable current solutions have been obtained with the thin-wire kernel for

V/s down to about 2 and with the extended thin-wire kernel for 6/a down to 0.5,

When a model includeg segments with W/a less than about 2, the extended thin-,

wire kernel option should be used by inclusion of an EK card in the data deck.

When the extended thin-wire kernel option is selected, it is used at

free wire ends and between parallel, connected segmento. The normal thin-wire

kernel is always used at bonds in wires, however. Hence, segents with small

L/a should be avoided at bends. Use of a small W/e at a bend, which results

in the center of one segment falling within the radius of the other segment,

generally leads to mever4 errors.

The current expansion used in NEC enforces conditions on the current and

charge density along wires, at junctions, and at wire ends. For these condi-

tions to be applied properly, segments that are electrically connected must

have coincident end points. If segments intersect other than at their ends,

the NEC code will not allow current to flow from one segment to the other.

Segments will be treated as connected if the separation of their ends is less
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than about 10-3 times the length of the shortest segment. When possible,

"however, identical coordinates should be used for connected segment ends.

The angle of the intersection of wire segments in NEC is not restricted

in any manner. In fact, the acute angle may be so small as to place the

observation point on one wire segmunt within the volume of another wire

segment. Numerial studies have shown that such overlapping leads to meaning-

less results; thus, as a minimum, one must ensure that the angle is large

enough to prevent overlaps. Even with such care, the details of the current

distribution near the intersection may not be reliable even though the results

for the current may be accurate at distances from this region,

NEC includes a patch option for modeling surfaces using the magnetic-

field integral equation. This formulation is restricted to closed surfaces

with nonvanishing enclosed volume. For example, it is not theoretically

applicable to a conducting plate of zero thickness and, actually, the numerical

algorithm is not practical for thin bodies (such as solar panels). The letter

difficulty is due to the possibility of poor conditioning of the matrix

equation.

Wire-grid modeling of conducting surfaces has been used with varying

success. The earliest applications to the computation of radar cross sections. and radiation patterns provided reasonably accurate results. Even computa-

tions for the input impedance of antennas driven against grid models of

surfaces have oftentimeu exhibited good agreement with experiments. However,

broad and generalized guidelines for near-field quantities have not been

developed, and the use of wire-grid modeling for near-field parameters should

be approached with caution. A single wire grid, however, may represent both

surfaces of a thin conducting plate. The current on the grid will be the sum

of the currents that would flow on opposite sides of the plate, While

information on the currents on the individual surfaces is lost, the grid will

yield the correct radiated fields.

Other rules for the sement model followi

0 Segments (or patches) may not overlap since the division of current

between two overlapping segments is indeterminate. Overlappl.ng

segments may rosult in a singular matrix equation.

6 A large radius change between connected segments may decrease accuracy;

particularly, with small V/a. The problem may be reduced by making

the radius change in steps over several segmenta.
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* A segment is required at each point where a network connection or

voltage source will be located. This may seem contrary to the idea

of an excitation gap as a break in a wire. A continuous wire across

the gap is needed, however, so that the required voltage drop can be

specified ts a boundary condition.

* The two segments on each side of a charge density discontinuity

voltage source should be parallel and have the same length and radius.

When this source is at the base of a segment connected to a ground

plane, the segment should be vertical.

o The number of wires joined at a single junction cannot-exceed 30

because of a dimension limitation In the code,

* When wires are parallel and very close together, the segments should

be aligned to avoid incorrect current perturbations from offset match

points and segment junctions.

e Although extensive tests have not been conducted, it is safe to specify

that wires should be several radii apart.

2. SURFACE MODELING

A conducting surface is modeled by means of multiple, small flat surface

patches corresponding to the segments used to model wires. The patches are

chosen to cov,,er completely the surface to be modeled, conforming as closely as

possible to curved surfaces. The parameters defining a surface patch are the

Cartesian coordinates of the patch center, the components of the outward-

directed, unit normal vector and the patch area. These are illustrated in

figure 1 where 0 % xo 0 + o0 9 + z 0 is the position of the segment center;

S- nx + n v + n 2 z is the unit normal vector and A is the patch area.

Although the shape (square, rectangular, etc.) may be used to define a patch

on input it does not affect the solution since there is no integration over

the patch unless a wire is connected to the patch center. The program computes

the surface current on each patch along the orthogonal unit vectors 1 and t2'

0
" I 1 11 '1 11 1 . . .-6-



Z /Figure 1, Patch Posl-

/i onand Orientation.

YY

x

X

which are tangent to the surface. The vector 't is parallel to a side of the

triangular, rectangular, or quadrilateral patch. For a patch of arbitrary

shape, it is chosen by the following rules:

For a horizontal patch,

t Xe

For a nonhorizontal patch,

t2 is then chosen am t2 M n X , When a structure having plane synmetry is

formed by reflection in a coordinate plane using a CX input card, the vectors
A r A t
t. t2 and R are also reflected o that the new patches will have ^2 n X ti.

When a wire is connected to a surface, the wire must end at the center

of a patch with identical coordinates used for the wire end and the patch

center. The program then divides the patch into four equal patches about

the wire end as shown in figure 2, where a wire ham been connected to the
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second of three previously identical patches. The connection patch is divided

along lines defined by the vectors .I and t2 for that patch, with a square

patch assumed. The four new patches are ordinary patches like those input by

the user, except when the interactions between these patches and the lowest

segment on the connected wire are computed. In this case an interpolation

function is applied to the four patches to represent the current from the wire

onto the surface, and the function is numerically integrated over the patches.

Thus, the shape of the patch is significant in this case. The user should try

to choose patches so that those with wires connected are approximately square

with sides parallel to t and ^2. The connected wire is not required to be

normal to the patch but cannot lie in the plane of the patch. Only a single

wire may connect to a given patch and a segment may have a patch connection

on only one of its ends. Also, a wire may never connect to a patch formed by

subdividing another patch for a previous connection.
As with wire modeling, patch size measured in wavelengths is very

important for accuracy of the results. A minimum of about 25 patches should

be used per square wavelength of surface area, with the maximum size for an

indi•,idual patch about 0.04 square wavelengths. Large patches may be used on

large smooth surfaces while smaller patches are needed in areas of small

radius of curvature, both for geometrical modeling accuracy and for accuracy

of the integral equation solution. In the case of an edge, a precise local

representation cannot be included; however, smaller patches in the vicinity of

/A

t 2

Figure 2. Connection of a Wire to a Surface Patch.

i i i i.... i i i i i t i i-8-t



the edge can lead to more accurate results since the current magnitude may

vary rapidly in this region. Sin~ce connection of'a wire to a patch causes the

patch to be dJvided into four smaller patches, a larger patch may be input in

anticipation of the subdivision.

While patch shape is not input to the program, very long narrow patches

should be avoidcd when subdividing the surface.' This in illustrated by the
two methods of modmling a sphere thown in figure 3. Them first usesf uniform
divisions in azimuth and equal cuti along'the vertical axis. This results in

all patches having equal areas but with long'navrow patches near thezpoles.

In the 4econd method, the number.,)f divisions in azimuth is increased toward~

the equator to that the patch length and width are kept more ndarly equal.

The areas are again kept approximately equal. The results of the two

segmen~tations are shown. in figuire 4 for scatterink by a sphere of ka (21T.

radius/wavelength) equal to 5.3. The uniform segmentation uded 14 increments

irn azimuth and 14 equal bands along the verticul axis., The'variable segmenta-

tion used 13 equal increments in arc length along the vertical axis, with

each band from top to bottom divided into the' following number of patches in

azimuth: 4, 8, 12, 16, 20, 24, 24, 24, ;0, 16, 12, 8, C~ Much better

agreement with experiment is obt~ained with the variable segmentati'cri.

In general, the use of surface patc~ha is restricted to modoling

voluminous bodies. The surface modeled must be closed since the patches only

model the side of the suvface from which their nort~als are directed outward.

If a somewhat thin body, such as a box with one narrow dimension, is modeled

with patches the narrow sides (edges) must be modeled as well as the broad

Uriformn Segmentation Variable Segmentation

4 Figure 3. Patch Models for a Sphere.
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Figure 4. Bistatic RCS of a Sphere with ka - 5.3. 5
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surfaces. Furthermore, the parallel surfaces on opposite sides cannot be too

close together or severe numerical error will occur.

When modeling complex structures with features not previously

encountered, accuracy iay be checked by comparison with reliable experimental

data if available. Alternatively, it may be possible to develop an idealized

model for, which the correct results can be estimated while retaining the
critical features of the desired model. The optimum model for a class of

structures can be estimated by varying the segment and patch density and

observing the effect on the results, Some dependence of results on segmenta-

tion will always be found. A large dependence, however, would indicate that

the solution has not converged and more sepents or patches should be used.
A model will generally be useable over a band of frequencies. For frequencies

beyond thQ upper limit ok a particular modal, a new set of geometry cards must

be input with a finer segmentation.

3. MODELING STRUCTURES OVER GROUND

Several options are available in NEC for modeling an antenna over a

ground plane. For & perfectly conducting ground, the codi generates an image

of the structure reflected in the ground surface. The image in exactly

equivalent to a perfectly conducting ground and results in solution accuracy

comparable to that for a free-space model. Structures may be close to the

ground or contacting it in this case. However, for a horizontal wire with

radius a, and height h, to the wire axis, [h2 + a 2 ]I/2 should be greater than

about 10-6 wavelengths. Furthermore, the height should be at least several

times the radius for the thin-wire approximation to be valid. This method

doubles the time to fill the interaction matrix.
A finitely conducting ground may be modeled by an image modified by the

Fresnel plane-wave reflection coefficients. This method is fast but of limited

accuracy and should not be used for structures close to the ground. The

reflection coefficient approximation for the near fields can yield reasonable

iccuracy if the structure is at least several tenths of a wavelength above the

ground. It should not be used for structures having a large horizontal extent

,.'er the ground such as some traveling-wave antennas.

An alternate method (Soimmerfeld/Norton), available for wires only, uses

the exact solution for the fields in the presence of ground and is accurate

:lc'se to the ground. For a horizontal wire the height restriction is the same

as f-r a perfect ground, When this method is used NEC requires an input file
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(TAPE21) containing field values for the specific ground parameters and

frequency. This interpolation table must be generated by running a separate

program, SOI)EC, prior to the NEC run. The present NEC code uses the

Somnmerfeld/Norton method only for wire-to-wire interactions. If Sommerfeld/

Norton Is requested for a structure that includes surfaces, the reflection

coefficient approximation will be used for surface-to-surface and surface-to-

wire interactions. Computation of wire-to-wire interactions by the Somerfeld/

Norton method takes about four times longer than for fres space. In addition,

computation of the interpolation table requires about 15 n on a CDC 7600

computer% However, the file of interpolation tables may be saved and roused

for problems having the same ground parameters and frequency. The Sonmerfild/

Norton method is not available in the earlier code NEC-1.

A wire ground screen may be modeled with the Sommerfeld/Norton mothod

if it is raised slightly above the ground surface. A ground stake cannot be

modeled in NEC since there is presently no provision to compute interactions

across the interface. Wires may end on a ground plane with a condition that

the charge density (i.e., derivative of current) be zero at the base of the

wire, but this is accurate only for a perfectly conducting ground. A wire may

end on a finitely conducting ground with the charge set to zero at the connec-

tion, but this will not accurately model a ground stake. If a vire is driven

against a finitely conducting ground in this way, the input impedance will

'typically be dependent on length of the source segment.

NEC also includes options for a radial-wire ground-screen approximation

and two-medium ground appron:imation (cliff) based on modified reflectlor,

coefficients. These methods are implemented only for wires and not for

patches, however, For the radial-wire ground-screen approximation, an

approximate surface impedance - based on the wire density and the ground

parameters - is computed at specular reflection points. Since the formula for

surface impedance yields zero at tl,, center of the screen, the current on a

vertical monopole will be the 'same as over a perfect ground. The ground

screen approximation is used in computing both near-field interactions and the

radiated field. It should be noted that defraction from the edge of the screen

is not included. When limited accuracy can be accepted, the ground screen

approximation provides a large time saving over explicit modeling with the

Sormmerfeld/Nortun method since the ground screen does not increase the number

of unknowns in the matrix equation.
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The two-medium Sround apprtximation permits the user to define a linear

or1 ctrcular cliff with different ground parameters and ground height on

opposite sides. This approximation is not used for the near-field interactions

affecting the currents but is used in computing the radiated field, The

reflection coefficievt is based on the $round parameters and height at the

specular-reflection point for each ray. This option may also be used to

compute the current over a perfect Xround and tfien compute radiated fields for

a finitely conducting ground.
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Section III
Program Input

Data to describe an antenna and its environment and to request computa-

tion of antenna characteristics are input by means of punched cards. The

data-card &et for a single run consists of three types of data cards. The deck

begins with one or more cards containing a description of the run which is

printed at the start of the output as a label. These are followed by geometry

data cards which specify the geometry of the antenna, Finally, a section of

program control cards specifies electrical parameters such as frequency,

loading and excitation, and requests calculation of antenna currents and fields.

Every data card has a two-letter alphabetic code in columns one and two

to identify the card to the program. All cards having numeric data are punched

In a similar format, with integer numbers first followed by real numbers. On

antetna geometry data cards, there are two fields for integer numbers (columns

3 through 5 and 6 through 10) followed by real-number fields of ten columns

each to the end of the card. The program control cards, following the geometry

data, have four integer fields (3 through 5, 6 through 10, 11 through 15, and

16 through 20) followed by real-number fields.

Integer numbers must be punched so that the number ends in the last a
column of its field. If spaces are left at the end of the field, they will be

read as zeros which, in effect, multiplies the desired number by a power of

ten. Real numbers are punched as a string of digits containing a decimal, and

may be punched anywhere in their field. On the program control cards, follow-

ing the geometry data, real numbers may also be punched as a string of digits

containing a decimal followed by an exponent of ten in the fom E 1 I, multi-

plying the number by 10 . The integer exponent must be between the exponent

limits of the computer. When an exponent is used, the integer must end in the

last column of the field. Otherwise, spaces will be read as zeros, which is

the same as multiplying the exponent by a power of ten. If the field on the

c.rd is left blank, the number will be read as zero for either integer or

real numbers.

-14-
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1. COMMflENT CAR.DS

* The data-card deck for a run must begin with one or more comment cards

which can contain a brief description and structure parameters for the run.

The cards are printed at the beginning of the output of the run for identifica-

tion only and have no effect on the computation. Any alphabetic and numeric

characters can be punched on these cards. The coment cards, like all other

data cards, have a two-letter identifier in columns I and 2. The two forms for

comment cards are:

25 10 1 20 30 40 ss 70 50

CM

The numbers alongo the top rfifer to the lot column In each field.

r 2 5 ¶0 15 20 30 40 so 60 70 so

The numbers lion i the top refer to the lsit column In each field,

I I I I
When a CM card is read, the contents of columns 3 through 80 is printed in

the output, and the next card is read as a comment card. When a CE card is

read, columns 3 through 80 are printed, and reading of comments in terminated.

The next card must be a geometry card. Thus, a CE card must always occur in a

data deck and may be preceded by as many CM cards as are needed to describe

the run.
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2. STRUCTURE GEOMETRY INPUT

For convenient input of structure geometry data, several data-card

options are provided to generate data for groups of segments or patches. The

segment data for a straight wire with an arbitrary number of segments may be

generated by a single input card specifying the Cartesian coordinates of each

end of the wire and the number of segments. Other input cards can cause a

structure to be reflected in a coordinate plane or rotated about an axis to

complete the structure.

The geometry input also permits the user to assign tag numbers to the

segments for later use in referring to a segment; for example, to specLfy the..

location of a voltage source. Each segment has an absolute segment number

associated with it which is determined by its location in the sequence of

segments specified by the input data. This number can be used to refer to a

particular segment. The absolute segment number of the segment in a given

location may be difficult to determine in advance, however, when the structure

is large and complex. In such cases the segment may be more easily referenced

if it is assigned a tag number. The input card for wires includes a provision

for specifying a tag number which is assigned to all segments of that wire.

A segment can then be identified by its tag number and its number in the set

of segments having that same tag number. Thus, if a wire is specified in 0
some part of a structure with 7 segments and a tag of 3, then the center

segment of the wire could be referred to as tag 3, segment 4.

The geometry data cards are:

GA - wire arc specification

GE - and geometry data

GF - use Numerical Green's Function

GM - shift and duplicate structure

GR - generate cylindrical structure (symmetry)

GS - scale structure dimensions

GW - specify wire (also GO)

GX - reflect structure (symmetry)

SP - specify surface patch (also SC)

SM - generate multiple surfaces patches (also SC)

The GE card is required to signal the and of the geometry data. The other

cards may be used as needed to generate the required structure. 0
-16-



The format for segment geometry data cards begins with a two letter

identifier in columns 1 and 2. Two fields for integer numbers follow In

columns 3 through 5 and 6 through 10. These are followed by real-number

fields in columns 11 through 20, 21 through 30, and continuing in fields of

10 columns to the end of the card. Not all of these number fields are used

on most cards, however. In the following descriptions of cards, the integer

numbers are referred to as I1 and 12, and the decimal numbers as F1, ... , F7.

The Fortran variable names of the parameters on each card are also given in

cases where they serve as useful mnemonics,

0
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GA

Wire Arc Specification (GA)

Purpose: To generate a circular arc of wire segmients.

Card:

26 10 20 30 40 10 An 70 110

QA I1 I F1 P2 F3 P4 blank blank blank

L* U IADA ANGI ANG2 MAD

Integers

ITG (1-1) - Tag number assigned to all segments of the wire arc.

NS (1-2) - Number of segments into which the arc will be

divided.

Decimal Numbers

RADA (Fl) - Arc radius (center is the origin and the axis is the

y axis).

ANGI (F2) - Angle of first end of the arc measured from the x

axis in a left-hand direction about the y axis

(degrees).

ANG2 (F3) - Angle of the second end of the arc.

PAD (F4) - Wire radius.

Noetes

e The segments generated by CA form a section of polygon inscribed

within the arc.

* If an arc in a different position or orientation is desired the

segments may be moved with a GM card.

* Use of GA to form a circle will not result in symmetry being used in

the calculation. It is a good way to form the beginning of the

circle, to be completed by CR, however.

0 (See notes for GW)
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GE

End GeomeotrY Input (GR)

Purpose: To terminate reading of geometry data cards and reset geometry data

if a Stound plane is used.

2 6 110 .20 30 .40 10 40 70 so

G1 11 blank blank blenk belokk blank blank blank

Tile numn rs along the top refer to ihe Iett column in sih field.I IIi
Pprameters:

S. .. ,.% tager|, ,,I....

(11) - Geometry ground plane flag, The valuss-ars:

0 " no ground plane is pvesu•.

I - indicitew a Sround p eno is preseno,, Str~icture symmetry

is modified asrequirei, and the current expansion 1f

modified so th&t the*,urrqnte on'seopnts touching the

ground (XY plane) ave interpolated to their images

below the ground (charge at base is xero).

-1 - indicates a around is present. Structure symmetry is

modified as required. Current expansion, however, is

not modified, Thus, currents on segments touching the

ground will go to zero at the ground.

Decimol mbwrp

The decimal number fields are not used.

Notes:

9 The basic function of the GE card is to terminate reading of geometry

data cards. In doing this, it causes the program to search through

the eegment data that have been generated by the preceding cards to

determie which wit'es are connected for current expansion.

e At the time that the GE card is read, thi structure dimensions must

"be in units of meters,
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* A positive or negative value of I1 does not cause a ground to be

included in the calculation, It only modifies the geometry data as

required when a ground is present. The ground parameters must be

specified on a program control card following the geometry cards.

e When 11 is nonzero, no segment may extend below the ground plane

(X.Y plane) or lie in this plane. Segments may end on the ground

plane, however.

9 If the height of a horizontal wire is less than lO"3 times the

segment length, 11 equal to 1 will connect the end of every segment

in the wire to ground, 11 should then be -1 to avoid this disaster.

e As an example of how the symmetry of a structure is affected by the

presence of a ground plane (X, Y plane), consider a structure aener-

ated with cylindrical symmetry about the Z axis. The presence of a

ground does not affect the cylindrical symmetry. If however this

same structure is rotated off the vertical, the cylindrical symmetry

is lost in the presence of the ground. As a second example, consider

a dipole parallel to Z axis which was generated with symmetry about

its feed. The presence of a ground plane destroys this symmetry.

The program modifies structure symmetries as follows when 11 is

nonzero. If the structure was rotated about the X or Y axis by the

OM card, all symmetry islost (i.e., the no-symmetry condition is set).

If the structure was not rotated about the X or Y axis, only symmetry

about a plane parallel to the X, Y plane is lost. Translation oi a

structure does not affect symmetries.
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GF

Read NOF Pile_(GP)

"Purpose: To read a previously written NGF file.

Card:

2510 20 30 40 so 60 70 813

OF I I blink blank blank blink blank blank blank

The n4mbers along th1 top refeI to the lal dolumn in each f4141.

Paraneterh:

Inteserl

(1l) -Print a table of the coordinates of the ends of all

segments in the NGP if 11 0 0. Normal printing otherwise.

Notes:
0 GF must be the first card in thfl structure geometry section,

imediately after CE.
0 The effects of some other data cards are altered when a OF card is

used. See section I11-3.
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Coordinate Transformation (GM)

Purpose: To translate or rotate a structure with respect to the coordinate

system or to generate new structures translated or rotated from the

original.

Card:

r 2 5 1 0 
2 0 3 0 4 0 s 0oj 

0B

am 1i 1 1 P2 F3 P4 P1 P6 P7

Rox ROY MOZ X, YS 2, Its

The Mumbrl elong the lop tell. to the flit Column mt "ch 'iolfl,I IIJ
Parameters:

Integers

ITGI (11) - Tag number increment.
NRPT (12) - The number of new structures to be generated.

Decimal Numbers

ROX (Fl) - Angle in degrees through which the structure is

rotated about the X-axis. A positive anile causes a

right-hand rotation.

ROY (F2) - Angle of rotation about Y-axis.

ROZ (F3) - Angle of rotation about Z-axiu.
XS (F4) - X, Y, Z components of vector by which

YS (FM) - structure is translated with respect to
ZS (F6) - the coordinate system..

ITS (F7) - This number is input as a decimal number but is

rounded to an integer beforw use. Tig numbers are

searched sequentially until a segment having a tag of

ITS is found. The part of tho structure composed of

this segment through the and of the sequence of

segments $s moved by the card. If ITS is blank

(usual case) or zero the entire structure is moved.
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Notes:

s If NRPT is zero, the structure is moved by the specified rotation and

translation leaving nothing in the original Location. If NRPT is

greater than zero, the original structure rmutine fixed and NRPT aw

structures are formed, each shifted from the previous one by the

requested transformation.

o The tag increment, ITGI, Is used when new structures are generated

(M~PT greater than zero) to avoid duplication of tag numbers. Tag

numbers of the segments in each tew copy of the structure are

incremented by ITGI from the tags on the previous copy or or!iinal..

Tags of segments which are generated from segments having no tags

(tag equal to zero) are not incremented. Generally, ITGI will be

grea~ter than or equal to the largest tag number used on the original

structure to avoid duplication of tags. For example, if tag numbers

1 through 100 have been used before a (GM) card is read having NRPT

equal to 2, then ITG1 equal to 100 will cause the first copy of the

structure to have tags from 101 to 200 and the second copy from 201

to 300. If MPT is zero, the tags on the original structure will be

incrementeu.

a The result of a transformation dependm on the order in which the

rotations and tranilation are applied. The order used is first

rotation about X-axis, then rotation about the Y-axis, then rotation

about the Z-axis and, finally, translation by (XS, YS, ZS). All

operations refer to the fixed coordinate system axes. If a different

order is desired, separate GM cards may be used.
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GR

Generate Cylindrical Structure (GR)

Purpose: To reproduce a structure while rotating about the Z-axis to form a

complete cylindrical array and to set flags so that symmetry is

utilized in the solution.

Card:

2 5 10 20 30 40 s0 60 M 80

OM I1 12 Wank blank bliank blank blank blank blank

Tih numn rl along the too refer to the test column in Rath il•lE.I I I I I

Parameters:

(I1) - Tag number increment.

(12) - Total number of times that the structure is to occur in the

cylindrical array.

Decimal Numbers

The decimal number fields are not used.

Notes:

s The tag increment (I1) is used to avoid duplication of tag numbers in

the reproduced structures. In forming a new structure for the array,

all valid tags on the previous copv or original structurt are

incremented by (Ii). Tags equal to zero are not iiinremented.

* rhe GR card should never be used when there are segments on the Z-axis

or crossing the Z-axis since overlapping segments would realt.

* The OR card sets flags so the program makes use of cylindrical.

symmetry in solving for the currents. Xf a structure modeled by N

segments has M sections in cylindrical symmetry (formed by a GR card

with 12 equal to M), the number of complex numbers in matrix storage
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GR

and the proportionality factors for matrix fill time and matrix

factor time are:

Matrix Fill Factor

Storale Time Time

No Symmetry N2 N2  N3

M Symmetrit Sections N2 /M N2 /M N3/M2

The matrix factor time represents the optimum for a Larger atrix

factored in core. Generally, somewhat longer times vill be observed.

e If the structure is added to or modified after the GR card in such a

way that cylindrical symmetry is destroyed, the program must be reset
to a no-symmetry condition, In most cases, the program is set by the

geometry routines for the existing symmetry. Operations that auto-

matically reset the symmetry conditions are:

Addition of a wire by a OW card destroys all symmetry.

Generation of additional structures by a GM card, with NRPT

greater than zero, destroys all symmetry.

A GM card acting on only part of the structure (having ITS greater

than zero) destroys all symmetry.

A GX or GR card will destroy all previously established symmetry.

If a structure is rotated about either the X or Y axis by use of

a GM card and a ground plane is specified on the GE card, all

symmetry will be destroyed. Rotation about the Z-axia or transla-

tion will not affect symmetry. If a ground is not specified,

symmetry will be unaffected by any rotation or translation by a

GM card, unless NRPT or ITO on the GM card is greater than zero.

* Symmetry will also be destroyed if lumped loads are placed on the struc-

ture in an unsymmetric manner. In this case, the program is not auto-

matically set to a no-symmetry condition but must be set by a data card

following the GR card. A GW card with NS blank will set the program to

a no-symmetry condition without modifying the structure. The card must
specify a nonzero radius, however, to avoid reading a GC card.

* Placement of nonradiating networks or sources does not affect

symmetry.
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GR

"* When symmetry is used in the solution, the number of lymaetric

sections (12) is limited by array dimensions. In the demonstration

deck, the limit is 16 sections.

"* The OR card produces the same effect on the structure as a G;M card if

12 on the OR card is equal to (NRPT+l) on the OM card 'and If ROZ on

the GM card is equal to 360/(NRPT+l) degrees. If the QM card Ls

used, however, the program will not be set to take advantage of

symmetry.
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Cs

Scale Structure Dimensions (GS)

PUri e: To scale all dimensioais of a structure by a constant.

2 5110 20 30 40 so 60 70 so

F11 -blanik. ýkoink blank blank blank blank

I The numbers elang the top refer toý the lost columnn in each filald,

Parame ters:

Integers

The integer fields are not used.

Decimal Numbers

(Fl) - All structure dimensions, including wire radius, are0 multiplied by Fl.

Notes:

oAt the end of geometry input, structure dimensions must be in units

of meters. Hence, if the dimensions have been input in other uniits,

a GS card must be used to convert to meters.
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VW

Wire Specification (GW)

Purpose: To generate a string of segments to represent a straight wire.

Card , 20U 30 ,0 so 6 70 70

Ow 11 1 11 P2 P3 4PS116F

SN8 XW1 YWI ZW1 XW2 MW2 2W2 MAD

III
The numbert along the top refer to the loll Column in each fbold,

The above card defines a string of segments with radius RAD. If

RAD is zero or blank, a second card is read to set parameters to

taper the segment lengths and radius from one and of the wire to

the other. The format for the second card (GC), which is read

only when RAD is zero, is:

2 5 10 20 30 40 so 60 70 80
F1 P2 P3 blank blank blank blankl

DREL RADt RAD2

The number, along the top refer to the last column in toch hold,I I iI
Parameters:

Integers

ITG (Ii) -- Tag number assigned to all segments of the wire.

NS (12) - Number of segments into which the wire will be

divided.

Decimal Numbers

XW1 (Fl) - X coordinate

YW1 (F2) -Y coordinate of wire end 1

ZW. (F3) - Z coordinate
XW2 (F4) - X coordinate

YW2 (F5) - Y coordinate of wire end 2

ZW2 (F6) - Z coordinate I
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RAD (F7) - Wire radius, or tero for tapered segment option.

Optional GC card parameters

RDEL (Fl) -Ratio of the length of a segment to the length of the

previous segment in the string.

RADI (02) -Radius of the first segment in the string.

RAD2 (03) -Radius of the last segment in the string.

The ratio of the radii of adjacent segments is

D _ (W2 ) (NS-l)

RADI/

If the total wire length is L, the length of the first segment is,

S L(1-RDEL)
1- (RDEL) NS

or

S * L/NS if RDEL - 1.

Notes:

a The tag number is for later use when a segment must be identified,

such as when connecting a voltage source or lumped load to the

segment. Any number except zero can be used as a tag. When identify-

ing a segment by its tag, the tag number and the number of the segment

in the set of segments having that tag are given. Thus, the tag of a

segment does not need to be unique. If no need is anticipated to

refer back to any segments on a wire by tag, the tag field may be

left blank. This results in a tag of zero which cannot be referenced

as a valid tag.

9 If two wires are electrically connected at their ends, the identical

coordinates should be used for the connected ends to ensure that the

wires are treated as connected for current interpolation. If wires

intersect away from their ends, the point of intersection must occur

at segment ends within each wire for interpolation to occur.

Generally, wires should intersect only at their ends unless the

location of segment ends is accurately known.

a The only significance of differentiating end one from end two of a

wire is that the positive reference direction for current will be in

the direction from end one to end two on each segment making up the

*wire.



GW

lA a rule of thumb. segment lengths should be less than 0.1 wave-

length at the desired frequency. Somewhat longer segments may be

used on long wires with no abrupt changes# while shorter negmenta,

0.05 wavelength or lese, may be required in modeling critical regions

of an antenna.

*If input is in units other than meters, then the units must be scaled
to meters through the use of a Scale Structure Dimensions (OS) card,
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Reflection in Coordinate Planes (GX)

b* u Purpobe: To form structures having planes of symetry by reflecting part

of the structure in the coordinate planes$ and to &at flags so that

symetry is utiliLed in the solution.

2 5 10 20 20 40 so 797Q *

GX Ii 12 blank blank blank. blank' bank blank blank

lThe numbers along the top *tef! to the lost column in each field.I I ' I I

(I1) - Tag number increment.

(12) - This integer in divided into three independent digits, in

columns 8, 9, and 10 of the card, vhich control reflection

in the three orthogonal coordinate planes, A one in column

8 causes reflection along the X-axis (reflection in Y, Z

plane); a one in column 9 causes reflection along the Y-axis;

and a one in column 10 causes reflection along the Z axis.

A zero or blank in any of these columns causes the corres-

ponding reflection to be skipped.

Decimal Numbers

The decimal number fields are not used.

Note.:

e Any combination of reflections along the X, Y and Z axes may be

used. For example, 101 for (12) will cause reflection along axes

X and Z, and 111 will cause reflection along axes X, Y and Z. When

combinations of reflections are requested, the reflections are done

in reverse alphabetical order. That is, if a structure is generated

in a single octant of space and a GX card is then read with 12 equal

to 111, the structure is first reflected along the Z-axis; the

structure and its image are then reflected along the Y-axis; and,
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GX

finally, these four structures are reflected along the X-axis to fill

all octants. This order determines the position of a segment in the

sequence and, hence, the absolute segment numbers.

* The tag increment 11 is used to avoid duplication of tag numbers in

the image segments. All valid tags on the original structure are

incremented by 1l on the image. When combinations of reflections are

employed, the tag increment is doubled after each reflection. Thits,

a tag increment greater than or equal to the largest tag on the

original structure will ensure that no duplicate tags are generated.

For example, if tags from 1 to 100 are used on the original structure

with 12 equal to 011 and a tag increment of 100, the first reflection,

along the Z-axis, will produce tags from 101 to 200; and the second

reflection, along the Y-axis, will produce tags from 201 to 400, as a

result of the increment being doubled to 200.

a The GX card should never be used when there are segments located in

th6 plane about which reflection would take place or crossing this

plane. The image segments would then coincide with or intersect

the original segments, and such overlapping segments are not allowed.

Segments may end on the image plane, however.

* When a structure having plane symmetry is formed by a OX card, the

ptogram will make use of the symmetry to simplify solution for the

currents. The number of complex numbers in matrix storage and the

proportionality factors for matrix fill time and matrix factor time

for a structure modeled by N segments are:

No. of Planes Matrix Fill Factor
of Symmetry S Time Time

0 N2  N2  N3

1 N2  N2  N3

2 2 4

2 N2  N2  N3

4 4 16

3 N2  N2  N_3

8 8 611

The matrix factor time represents the optimum for a large m trix

factored in ccre. Generally, somewhat longer times will be observed.
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CX

* If the structure is added to or modified after the GX card in sunh a

way that sympetry is destroyed, the program must be reset to a no-

symmetry condition. in mthot case, the, pr•ram is set by the'geometry

routines for the existing iymustry. Operations that automatically

reset the syumetry condition are:

Addition of a wire by a GW card destroys all symetry.

Generation of additional structures by-a GH card, with W.1T

greater than zero, destroys 4l1 syumetry,

A GM card acting on only part of the atructure (having fTS greater

than zero) destroys all symmetry...

A GX card or GR card will destroy all previously established

symmetry. For example, two GR cards with 12 equal to 011 and 100,

respectively, will produce the same structure as a single GX card

with 12 equal to 111; however, the first case will set the prosram

to use symmetry about the Y, Z plans only while the second case

will make use of symmetry about all three coordinate planes.

If a ground plane is specified on the GE card, symmetry about a

plane parallel to the X, Y plane will be destroyed. Symmetry

about other planes will be used, however.

If a structure is rotated about either the X or Y axis by use of

a GM card and a ground plane is specified on the GE card, all

symmetry will be destroyed. Rotation about the Z-axis or transla-

tion will not affect symmetry, If a ground is not specified, no

rotation or translation will affect symmetry conditions unless

NRPT on the GM card is greater than zero.

Symmetry will also be destroyed if lumped loads are placed on the

structure in an unsymmetric manner. In this case, the program is not

automatically set to a no-symmetry condition but must be set by a

data card following the GX card. A GW card with NS blank will set

the program to a no-symmetry condition without modifying the structure.

The card must specify a nonzero radius, however, to avoid reading a

GC card.

i Placement of sources or nonradiating networks does not affect

symmetry.
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SP

Surface Patch (SP)

Purpose: To input paramieters of a single surface patch.

Card:
r25 tOI 20 30 o0 so eo 70 1o

1 12...1 P P2 F3 P4 111 PS blank

ISS Xl Y11 Z X2 Y2 2

The numbers along the lop ret., go the lilt column ,#1 each hltti

If NS is 1, 2, or 3, a second card is read in the following

format:

41 t Io 20 30 40 so 60 70 so

SC Il 12 Pt F2 P3 P4 FP PG blank

I X3 Y3 U3 X4 Y4 X4

The numbers liong the ton retr to telill column in s.Ch hCf., i

Parameters:

Integers

(Il) - not used

NS (N2) - Selects patch shape

0: (default) arbitrary patch shape

1: rectangular patch

2: triangular patch

3: quadrilateral patch
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sP

Decimal Numbers

Arbitrary shape (NS w 0)

Xl (Fl) - X coordinate

Yl (02) - Y coordinate of patch center
ZI MF) - Z coordtnnts

X2 (04) - elevation angle above the X-Y plane nor outwardnormal vector
Y2 (F5) - azimuth angle from X-axis (degrees)

Z2 (F6) - patch area (square of units used)

Rectangular, triangular, or quadrilateral patch (NS l 1, 2, or 3)

Xl (F1)

Yl (Q2) X, Y, Z coordinates of corner 1

Zl (F3)

X2 (F4)

Y2 (F5) X, Y, Z coordinates of corner 2

Z2 (n6)
X3 (Fl)

Y3 (72) X, Y, Z coordinates of corner 3

Z3 (03)

For the quadrilateral patch only '(S a 3)

X4 (Q4)

Y4 (M5) X, Y, Z coordinates of corner 4

Z4 (F6)

Notes:

0 The four patch options are shown in figure 5. For the rectangular,

triangular, and quadrilateral patches the outward normal vector R

is specified by the ordering of corner* 1, 2, and 3 and the right-

hand rule.

0 For a rectangular, triangular, or quadrilateral patch, •i is

parallel to the side from corner 1 to corner 2. For NS 0, is

chosen as described in section 11-2.

0 If the sides from corner 1 to corner 2 and from corner 2 to corner 3

of the rectangular patch are not perpendicular, the result will be a

parallelogram,
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bTI

"X2 " a
Y2 a

x

(a) Arbitrary Patch Shape (NS - 0)

3
''3

1

(b) Rectangular Patch (NS • 1) (c) Trianguiar Patch (NS - 2)

l34 I

2

(d) Quadrilateral Patch (NS a 3)

Figure 5. Surface Parch Optioni.
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0 If the four corners of the quadrilateral patch do not lie in the

same plane, the run will terminate with an error message.

* Since the program does not integrate over patches, except at a wire

connection, the patch shape does not affect the results. ThR only

parameters affecting the results are the location of the patch

centroid, the patch area, and the outward unit normal vectz.r. For

the arbitrary patch shape these are input, while for the other

options they are determined from the upecifiad shape. For solution

accuracy, however, the distribution of patch centers obtained with

generally square patches has been found to be desirable (see section
11-2).

* For the rectangular or quadrilateral options, multiple SC cards may

follow a SP card to specify a string of patches. The parameters on

the second or subsequent SC card specify corner 3 for a rectangle or

corners 3 and 4 for a quadrilateral, while corners 3 and 4 of the

previous patch become corners 2 and 1, respectively, of the new

patch. The integer 12 on the second or subsequent SC card specifies

the new patch shape and must be 1 for rectangular shape or 3 for

quadrilateral shape. On the first SC card after SP, 12 has no effect.

Rectangular or quadrilateral patches may be intermixed, but tri-

angular or arbitrary shapes are not allowed in a string of linked

patches.
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Multiple Patch Surface (SM)

Purpose: To cover a rectangular region with surface patches.

Card:

2 5 10 20 20 4C so s0 70 90

SM 11 12 FI F2 F3 F4 PS Fe blank

NX NY X1 Ytl ZI X2 Y2 2

The nulmbers along the too refer to the fast column in otach field,

A second card with the following format must immediately follow

a SM card:

/2 5 10 20 30 40 so 00 70 80

SC FI F2 P3 F4 FS 111 blank

II X3 Y3 Z3

The numrbers along the top refer to the last Pnolurnm imn ach ho~ld,

Parameters:

NX (11) The rectangular surface is divided into NX patches
NY (12) from corner 1 to corner 2 and NY patches from
NY (2)I corner 2 to corner 3.

Decimal Numbers

xl (Fl)

Yl (F2) X, Y, Z coordinates of corner 1

Zl (F3)

X2 (F4)

Y2 (F5) X, Y, Z coordinates of corner 2

Z2 (F-6)
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X3 (F7)

Y3 (78) X, Y, Z coordinates of corner 3

Z3 (F9)

Not em:

* The division of the rectangle into patches is as illustrated in

figure 6.

Fiur 60 Retnua 0u c Coee yMltpePths

670 The dieto ofteotadnrasRo h0ace sdtrie

by ~ 2 jh orern of conr5t20n n ter~thn ue h

22

byI the orderin oftee corners 1,2 and 3 and btheen crierht-hand rue The

not perpendicular, the complete surface and the individual patches

will be parallelograms.

0 Multiple SC cards are not allowed with SM.
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Examples of Structure Geometry Data

Rhombic Antenna - No Sum e*ry

Structure: figure 7

21 40 X

UNITS OF 100.
303

Figure 7. Rhombic Antenna - No Symmetry.

Geometry Data Cards:

256 10 20 30 40 so 80 70 so
I 10 ISJIM, a.Iola, 1W, lo .0 . ,I
# 0 1. l HO. I$0. AO a0. ISO, .1
s~ to ASO 0o I.SO. C. Mo. 1%,01

lo G. 210 It. 4%0. o. 1114

Number of Segments: 40

Symmetry: None

These cards generate segment data for a rhombic antenna. The data are

input in dimensiona of feet and scaled to meters. In the figure,

numbers near the structure represent segment numbers and circled

numbers represent tag numbers.
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Rhombic Antenna - Plane Symmetry

Structure: figure 8 y

10 30

1~ 21

3311

UNITS OF 100.
20 40

Figure 8. Rhombic Antenna - 2 Planes of Symmetry.

Geometry Data Cards:

2 5 10 20 30 40 5o Go 70 so

ow I t 10 50 C. ISO. ISO Ilia.
ox I Ila
as 0 .30,,0
OC

Number of Segments: 40

Symmetry: Two planes

These cards generate the same structure as the previous set although

the segment numbering is altered. By making use of two planes of

symmetry, these data will require storage of only a 10 by 40

interaction matrix. If segments 21 and 31 are to be loaded as the

termination of the antenna, then symmetry about the YZ plane cannot

be used, The following cards will result in symmetry about only the

XZ plane being used in the solution; thus, allowing segments on one

end of the antenna to be loaded.
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Structure: figure 9 0
1020 11

21 T 31 X

UNITS OF 100.

30 40

Figure 9, Rhombic Antenna - 1 Plane of Symmetr .

Geometry Data Cards:

256 10 20 30 40 so 60 70 30

OW 15.0 s.0 10 IO ISO. ISO
I a,

Number of Segments: 40

Symmetry: One planp

Segments 1 through 20 of this structure are in the first symetric

section, Hence, segments 11 and 31 can be loaded without loading

segments 1 and 21 (loading segments in symmetric structures is

discussed in the section covering the LD card). These data will

cause storage of a 20 by 40 interaction matrix.

Two Coaxial Rings

Structure: figure 10

Figure 10. Coaxial Rings.
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Geometry Data Cards:

265 10 20 30 40 50 60 70 90
aw il I 1 ,071 0101 1 a. .o0
ow & I I -0 0. 0.0.76536 1104111 0.1.0Ow 1 o, o,713 o.,41- 0.141 1.414,, o, .o00

00 0,. a,,O, 0.

Number of Segments: 24

Symmetry: 8 section cylindrical symmetry

The first 45 degree section of the two rings is generated by the

first three GW cards. This section is then rotated about the Z-axis

to complete the structure. The rings are then rotated about the X-axis

and elevated to produce the structure shown. Since no tag increment

is specified on the GR card, all segments on the first ring have tags

of 1 and all segments on the second ring have tags of 2. Because of

symmetry, these data will require storage of only a 3 by 24 interaction

matrix. If a 1 weru punched in column 5 of the GE card, however,

symmetry would be destroyed by the interaction with the ground,

requiring storage of a 24 by 24 matrix.

. Linear Antenna over a Wire Grid Plate

Structure% figure 11

7 SY

6 38
5

4 39 40 41 42 43

(D 37
2 3 9 I I Il 33

2 -- 36

1 8

Figure 11. Wire Grid Plate and Dipole.
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Geometry Data Cards:

25 10 20 30 40 so 60 70 so

O I n. I, I . 0,01lO .O
o I o. a.O 0.1 ..
OM. f l. 0: 0o. I 0 0

S0. 0, 0,. 0. 01 0A .001
0"0 a.0. 0.001 0

row 1 I O .01 h0 t .001

Number of Segments: 43

Symmetry: None

The first 6 cards generate data for the wire grid plate, with the lower

left-hand corner at the coordinate origin, by using the GM card to

reproduce sections of the structure. The CM card is then used to move

the center of the plate to the origin. Finally, a wire is generated

0.15 meters above the plate with a tag of 1.

Cylinder with Attached Wires

Structure: figure 12

Geometry Data Cards:

2 10 20 110 40 so 00 70 so
I0 0. 0. 0. 3 .V

I0. 0 * 5i5 0. '* NJi
"I 0 0. Jo.

OP Oil 0. li. 10. 0•,
*.fl, 0. II. gO. o•

P+ 0.• 0 I I iC. f i .
SP 0 0 I1 eO U.m .
CM 0, 0. II 0. 0 q

0 3 . 0 0. 0•IO 0
0'. .0,

ori

Number os Segments: 9

Number of Patches: 56

Symmetry: None

The cylinder is generated by first specifying three patches in a column

centered on the X axis as shown in figure 12(a). A GM card is then

used to produce a second column of patches rotated about the Z axis by

30 degrees. A patch is added to the top and another to the bottom to

form parts of the end surfaces. The mooel at this point is shown in

figure 12(b). Next a GR card is used to rotate this section of patches

about the Z axis to form a total of six similar sections, including

the original. A patch is then added to the center of the top and
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another to the bottom to form the complete cylinder shown in

figure 12(c). Finally, two GW cards are used to add wires connecting

"Lo the top and side of the cylinder. The patches to which the wires

are connected are divided into four smaller patches as shown in

figure 12(d). Although patch shape is not input to the program,

square patches are assumed at the base of a connected wire when

integrating over the surface current. Hence, a more accurate

representation of the model would be as shown in figure 13, where the

patches to which wires connect are square with equal areas maintained

for all patches (before subdivision).

y uY0

x L x K
1,) {b)

2 2

x /x

(c; (d)

Figure 12. Development of Surface Model for Cylinder with Attached Wires.
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* 0 0

-O

* 0 0

* 0 0

* 0 0

- --

* 0

Figure 13. Segmentation of Cylinder for Wires Connected to End and Side.
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3. PROGRAM CONTROL CARDS

The program control cards follow the structure geometry cards. They

set electrical parameters for the model, select options for the solution

procedure, and request data computation. The cards are listed below by their

mnemonic identifier with a brief description of their function:

EK - extended thin-wire kernel flag

FR - frequency specification

I GN - ground parameter specification

KH - interaction approximation range

LD- structure impedance loading

EX - structure excitation card

I1 NT - two-port network specification

TL - transmission line specification

CP - coupling calculation

EN - end of data flag

GD - additional ground parameter specifications

NE - near electric field request

NH- near magnetic field request

NX - next structure flag

PQ - wire charge density print control

PT - wire-current print control

LI - radiation pattern request

WG - write Numerical Green's Function file

XQ - execute card

There is no fixed order for the cards. The desired parameters and options

are set first followed by requests for calculation of currents, near fields and

radiated fields. Parameters that are not oet in the input data are given de-

fault values. The one exception to this is the excitation (EX) which must be set

Computation of currents may be requested by an XQ card. RP, NE, or NH

cards cause calculation of the currents and radiated or near fields on the

first occurrence. Subsequent RP, NE, or NH cards cause computation of fields

using the previously calculated currents. Any number of near-field and

radiation-pattern requests may be grouped together in a data deck. An excep-

"tion to this occurs when multiple frequencies are requested by a single FR
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card. In this case, only a single NE or NH card and a single RP card will

remain in effect for all frequencies.

All parameters retain their values until changed by subsequent data

cards. Hence, after parameters have been set and currents or fields computed,

selected parameters may be changed and the calculations repeated. For example,

if a number of different excitations are required at a single frequency, the

dick could have the form FR, EX, XQ, EX, XQ, ... If a single excitation is

required at a number of frequencies, the cards EX, FR, XQ, FR, XQ, ... could

be used.

Whdn the antenna is modified and additional calculations are requested,

the order of the cards may, in some cases, affect the solution time since the

program will repeat only that part of the solution affected by the changed

parameters. For this reason, the user should understand the relation of the

data cards to the solution procedure. The first step in the solution is to

calculate the interaction matrix, which determines the response of the antenna

to an arbitrary excitation, and to factor this matrix in preparation for

solution of the matrix equation. This is the most time-consuming single step

in the solution procedure. The second step is to solve the matrix equation

for the currents due to a specific excitation. Finally, the near fields or

radiated fields may be computed from the currents.

The interaction matrix depends only on the structure geometry and the

cards in group I of the program control cards. Thus, computation and factor-

ization of the matrix is not repeated if cards beyond group I are changed. On

the other hand, antenna currents depend on both the interaction matrix and

the cards in group II, so that the currents must be recomputed whenever cards

in group I or II are changed. The near fields depend only on the structure

currents while the radiated fields depend on the currents and on the GD card,

which contains special ground parametero for the radiated-field calculation.

An example of the implicatlons of these rules is presented by the following

two sets of data cards:

FR, EX, NT1 , LD1 , XQ, LD 2, XQ, NT2, LDI, XQ, LD2 , XQ

FR, EX, LD1 , NT1 , XQ, NT2 , XQ, LD2 , NT1, XQ, NT2, XQ

Calculation and factoring of the matrix would be required four times by the

first set but only twice by the second set in obtaining the same information.

The program control cards are explained on the following pages. The

fo-oat of all program control cards has four integers and sic floating point
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numbers. The integers are contained in columns 3 through 5, 6 through 10,

11 through 15, ant' 16 through 20 (each integer field stops at an integral

multiple of 5 columns), and the floating point numbers are contained in fields

of 10 for the renainder of the card (i.e., from 21 through 30, 31 through 40,

etc.). Integers are right justified in their fields. The floating point

nw.bers can be punched either as a string of digits containing a decimal

point, punched anywhere in the field; or as a string of digits containing a

decimal point and followed by an exponent of ten in the form E ± I which

multiplies the number by 10 . The integer exponent must be right justified

in the field.

0
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Maximum Coupling Calculation (CP)

Purpose: To request calculation of the maximum coupling between segments.

Card:

2 10 16 20 30 s 600

CP II 12 13 14 blank blank blank blank blank blank

The numbers along the top refer to the lot column In each filid.i I I
Parameters:

TAG1 (11) Specify segment number SEGI in the set of segments

SEGI (12) having tag TAGI. If TAG1 is blank or zero, then

I SEGI is the segment number.
TAG2 (03)

SEG2 (14) Same as above

Notes:
4 Up to five segments may be specified on 2-1/2 CP cards. Coupling is

computed between all pairs of these segments. When more than two

segments are specified, the CP cards must be grouped together. A

new group of CP cards replaces the old group.

• CP does not cause the program to proceed with the calculation but

only sets the segment numbers. The specified segments must then be
excited (EX card) one at a time in the specified order and the
currents computed (XQ, RP, NE, or NH card). The excitation must use

the applied-field voltage-source model. When all of the specified
segments have been excited in the proper order, the couplings will be
computed and printed. After the coupling calculation the set of CP

cards is cancelled.
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Extended Thin-Wire Kernel (EK)

Purpose: To control use of the extended thin-wire kernel approximation.

Card:

2 5 10 16 20 30 40 SO 60 70 so

EK I1 blank blank blank blank blank blank

SI I

ThO numb.,, •ao" the top refer to the l 't cOlumn In ech field.I II I I
Parameters:

ITMPI (I1) -ilark or zero to initiate use of the extended thin-

wire kernel, -1 to return to standard thin-wire kernel.

Without an EK card, the program will use the standard

thin-wire kernel.

0M
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End of Run (EN)

Purpose: To indicate to the program the end of all execution.

Card:

r2 10 1 20 30 40 so Go 70 s0

EN blank Lliank blank blank blaik blank

The numbers along the top refer to the lot column In each field.

Parameters: None

-52-

' - - i i ' mm m



EX

Excitation (EX)

Purpose: To specify the excitation for the structure. The excitation can be

voltage sources on the structure, an elementary currant source,

or a plane-wave incident on the structure.

Card:

2 5 1011s 20 30 40 W0 40 70 so

IX I1 12 13 14 P1 P2 P3 P4 PFil P1

The numbers along the top Pfr to the lot wlumn In eah field.I I I
Parameters:

Inteseri

(11) - Determines the type of excitation which is used,

0 - voltage source (applied-E-field source).

1 - incident plane wave, linear polarization.

2 - incident plane wave, right-hand (thumb along the

incident k vector) elliptic polarization.

3 - incident plane wave, left-hand elliptic polarization.

4 - elementary current source.

5 - voltage source (current-olope-discontinuity).

Remaining Integers Depend on Excitation Tye

a. Voltage source ((M1) a 0 or 5)

(12) - Tag number of the source segment. This tag number along

with the number to be given in (13), which identifies

the position of the segment in a set of equal tag

numbers, uniquely defines the source segment. Blank

or zero in field (12) implies that the source segment

will be identified by using the absolute segment num-

ber in the next field.

(13) - Equal to m, specifies the mth segment of the set of

segments whose tag numbers are equal to the number
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EX

set by the previous parameter. If the previous

parameter is zero, the number in (13) must be the

absolute segment number of the source.

(14) - Columns 19 and 20 of this field are used separately.

The options for column 19 are1

1 - maximum relative admittance matrix asymmetry
for source segments and network connections

will be calculated and printed.

0 - no action.

The options for column 20 are:

1 - the input impedance at voltage sources is always
printed directly before the segment currents in

the output. By setting this flag, the impe-
dances of a single source segment in a frequency

loop will be collected and printed in a table
(in a normalized and unnormalized form) after

the information at all frequencies has been

printed. Normalization to the maximum value is

a default, but the normalization value can be
specified (refer to F3 under voltage source

below). When there is more than one source on

the structure, only the impedance of the last
source specified will be collected.

0 - no action.

b. Incident plane wave ((1l) - 1, 2, or 3)
(12) - Number of theta angles desired for the incident plane

wave.

(13) - Number of phi angles desired for the incideut plane

wave,

(14) - Only column 19 is used. The options are:

1 - maximum relative admittance matrix asymmetry
for network connections will be calculated and

printed.

0 - no action.
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c. Elementary current source ((Il) - 4)

(12) & (13) - blank.

(14) - Only column 19 is used and its function is identical

to that listed under b.

Floatina Point Ogtions

a. Voltage source ((Il) - 0 or 5)
(Fl) - Real part of the voltage in volts,

(F2) - Imaginary part of the voltage in volts.

(F3) - If a one Is placed in column 20 (see above), this

field can be used to specify a normalization constant

for the impedance printed in the optional impedance

table. Blank in this field produces normalization

to the maximum value.

(N4), (F5), & (M6) - Blank,

b. Incident plane wave ((Il) - 1, 2, or 3). The incident wave

is characterized by the direction of incidence ý and

polarization in the plane normal to L

(Fl) - Theta in degrees. Theta is defined in standard

spherical coordinates as illustrated in figure 14.

(F2) - Phi in degrees. Phi is the standard spherical angle

defined in the XY plane.

(73) - Eta in degrees. Eta is the polarization angle defined

as the angle between the theta unit vector and the

z

kI~

- I _

Figure 14. Specification of Incident Wave.
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direction of the electric field for linear polariza-

tion or the major ellipse axis for elliptical

polarization, Refer to figure 14.

(F4) - Theta angle stepping increment in degrees.

(F5) - Phi angle stepping increment in degrees.

(F6) - Ratio of minor axis to major axis for elliptic

polarization (major axis field strength a 1 V/m).

c. Elementary current source ((Il) a 4). The current source is

characterized by its Cartesian coordinate position, its

orientation, and its magnitude.

(Fl) - X position in meters.

(M2) - Y position in meters.
(F3) - Z position in meters.

(F4) - a in degrees. a is the angle the current source

makes with the XY plane as illustrated in figure 15.

(F5) - 8 in degrees. 0 is the angle the projection of the

current source on the XY plane makes with the X axis.

(M6) - "Current moment" of the source. This parameter is

equal to the product IZ in amp meters.
Notes,.0

e In the case of voltage sources, excitation cArds can be grouped

together in order to specify multiple sources. The maximum number of

voltage sources that may be specified is determined by dimension

statements in the program. The dimensions are set for 10 applied-E-

field voltage sources and 10 current-slope-discontinuity voltage

sources.

Z

Figure 15. Orientation of Current Element.
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e The applied-E-field voltage source is located on the segment

specified.

e The current-slope-discontinuity voltage source is located at the

first end, relative to the reference direction, of the specified

segment, at the junction between the specified segment and the

previous segment. This junction must be a simple two-segment

junction, and the two segments must be parallel with equal lengths

and radii.

e A current-slope-discontinuity voltage source may lie in a symmetry

plane. An applied field voltage source may not lie in a symmetry

plane since a segment may not lie in a symmetry plane. An applied

field voltage source may be used on a wire crossing a symmetry

plane by exciting the two segments on opposite sides of the symmetry

plane each with half the total voltage, taking account of the

reference directions of the two segments.

e An applied field voltage source specified on a segment which has

been impedance-loaded, through the use of an LD card, is connected in

series with the load. An applied field voltage source specified on

the same segment as a network is connected in parallel with the net-

work port, For the specific case of a transmission line, the source

is in parallel with both the line and the shunt load. Applied field

voltage sources should be used in these cases since loads and network

connections are located on, rather than between, segments.

e Only one incident plane wave or one elementary current source is a]-

lowed at a time. Also plane-wave or current-source excitation is not

allowed with voltage sources. If the excitation types are mixed, the

program will use the last excitation type encountered.

a When a number of theta and phi angles are specified for an incident

plane-wave excitation, the theta angle changes more rapidly than phi,

* The current element source illuminates the structure with the field

of an infinitesimal current element at the specified location. The

current element source cannot be used over a ground plane.

4
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Frequency (FR)

Purpose: To specify the frequency(s) in megahertz.

Card:

256 10 15 20 30 40 so do 70 so

IFRI 11 12 13 14 111 P2 blank blank blan k blank

~ ~ PMI4Z OILPRQ

The unubers along the too refer to the lot column In each fielid.

Parameters:

Intelters

IFRQ (11) - Determines the type of frequency stepping which is

used.

0 - linear stepping.

1 - mu.ltiplicative stepping.

NVRQ (12) - Number of frequency steps. If this field is blank#

one is assumed.S
(13) & (14) -Blank.

Floating Point

FMHZ (Fl) - Frequency in megahertz.

DELVRQ (F2) - Frequency stepping increment. If the frequency

stepping is linear, this quantity is added to the

frequency each time. If the stepping is muultipli-

cative, this is the multiplication factor.

(F3)--(F6) - Blank.

Notes:

* If a frequency card does not appear in the data deck, a single

frequency of 299.8 M.flz is assumed. Since the wavelength at

299.8 Miz is one meter, the geometry is in units of wavelengths for

this case.

* Frequency cards may not be grouped together. If they are, only the

information on the last card in the group will be used.
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After an FR card with NFRQ greater than 1, an NE or NH card will not

initiate execution while an RP or XQ card will. In this case, only

one NE or NH card and one RP? card will be effective for the multiple

frequencies.

* After a frequency loop for NFRQ greater than one has been completed,

it will not be repeated for a second execution request. The FR card

must be repeated in this case.

0
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Additional Ground Parameters (GD)

Purpose: To specify the ground parameters of a second medium which is not in

the immediate vicinity of the antenna. This card may only be used

if a GN card has also been used. It does not affect the field of

surface patches.

card:

2 o 1015 20 30 40 so 60 70 o0

0D III F2 P3 F4 blank blank

I I I IPIR 1102 CLT CHT

The numbers along the too refer to the lot column in each fiel1C

Parame-ters:

Inteters

All intelor fields are blank.

Flsatina Point

£PSR2 (Fl) - Relative dielectric constant of the second medium.

SIG2 (F2) - Conductivity in mhos/meter of the second medium,

CLT (M3) - Distance in meters from the origin of the coordinate

system to the join between medium 1 and 2. This

distance is either the radius of the circle where the

two media join or the distance out the plus X axis to

where the two media join in a line parallel to the Y

axis. Specification of the circular or linear option

is on the RP card. See figure 16.

ORIGIN CLT

MEDIUM 1

MEDIUM 2

Figure 16. Parnimeters for a Second Ground Medium.
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CHT (F4) - Distance in meters (positive or zero) by which the

surface of medium 2 is below medium 1.

(FM) & (F6) - Blank.

Notes:

a The GD card can only be used in a data set where the GN card has been

used since the GN card is the only way to specify the ground param-

eters in the vicinity of the antenna (see GN card write-up). However,

a number of GD cards may be used in the same data set with only one

GN card.

* GD cards may not be grouped together. If they are, only the informa-

tion on the last card of the group is retained.

e When a second medium is specified, a flag must also be set on the

radiation-pattern (RP) data card in order to calculate the patterns

including the effect of the second medium. Refer to the radiation-

pattern card write-up for details.

e Use of the GD card does not require recalculation of the matrix or

currents.

* The parameters for the second medium are used only in the calculation

of the far fields. It is possible then to set the radius of the

boundary between the two media equal to zero and thus have the far

fields calculated by using only the parameters of medium 2. The

currents for this case will still have been calculated by using the

parameters of medium 1.

a When a model includes surface patches, the fields due to the patches

will be calculated by using only the primary ground parameters.

Hence, a second ground medium should not be used with patches.

-61-



U11~

Ground Parameters (GN)

Purpose: To spocify the relative dielectric constant and conductivity of ground
in the vicinity of the antenna. In addition, a second set of ground
parameters for a second medium can be specified, or a radial wire
ground screen can be modeled using a reflection coefficient approximation.

25 10 15 20 30 40 60 70 so

ON il 12 14 Is F1 F2 F3 F4 F5 F6

IPOR 810

ihe number Clong the top refer to the fat column In each field,

Parameters:

Intezers

IPERF (Il) - Ground-type flag. The options are:

-1 - nullifies ground parameters previously used and

sets free-space condition. The remainder of the
card is left blank in this case.

0 - finite ground, reflection coefficient approximation.

1 - perfectly conducting ground.

2 - finite ground, Somnerfeld/Norton method.

NRADL (12) - Number of radial wires in the ground screen approxima-

tion, blank or 0 implies no ground screen.

(13) & (14)-Blank.

Floating Point

EPSR (Fl) - Relative dielectric constant for ground in the

vicinity of the antenna. Leave blank in case of

a perfect ground.
SIG (F2) - Conductivity in mhos/meter of the ground in the

vicinity of the antenna. Leave blank in case of

a perfect ground. If SIG is input as a negative
number, the complex dielectric constant

* Cr - J'lWo is set to EPSR - JSIGC .
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Options for Remaining Floating Point Fields (F3-F6)

a. For the case of an infinite ground plane, F3 through F6

are blank.

b. Radial wire ground screen approximation (NRADL 0 0). The

ground screen is always centered at the origin, i.e.,

(0,0,0) and lies in the XY plane.

(F3) - The radius of the screen in meters.

(F4) - Radius of the wires used in the screen in meters.

(M5) & (06) - Blank.

c. Second medium parameters (NRADL - 0) for medium outside

the region of the first medium (cliff problem). These

parameters alter the far field patterns but do not affect

the antenna impedance or current distribution.

(F3) - Relative dielectric constant of medium 2.

(F4) - Conductivity of medium 2 in mhos/meter.

(FS) - Distance in meters from the origin of the coordinate

system to join between medium 1 and 2. This distance

is either the radius of the circle where the two media

join or the distance out the positive X axis to where

the two media join in a line parallel to the Y axis.

Specification of the circular or linear option is on

the RP card. See figure 16.

(F6) - Distance in meters (positive or zero) by which the

surface of medium 2 is below medium 1.

Notes:

0 When the Sommerfeld/Norton method is used, NEC requires an input-data

file (TAPE21) that is generated by the program SOMNEC for the specific

ground parameters and frequency (see section 111-4). The file

generated by SOMNEC depends only on the complex dielectric constant,

cc 0 C r - J•/•/ 0o NEC compares Cc from the file with that determined

by the GN card parameters and frequency. If the relative differenice

exceeds 10-3 an error message ia printed. Once TAPE21 has been read

for the first use of the Sommerfeld/Norton method the data is retained

until the end of the run. Subsequent data, including new data sets

following NX cards, may use the TAPE21 data if the ground parameters

and frequency (c remain unchanged. Other ground options may be

internixed with the Sommerfeld/Norton option.
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The parameters of the second medium can also be specified on another

data card whose mnemonic is GD. With the GD card, the parameters of

the second medium can be varied and only the radiated fields need to

be recalculated. Furthermore, if a radial wire ground screen has

been specified on the GN card, the GD card is the only way to include

a second medium. See the write-up of the GD card for details.

s GN cards may not be grouped together. If they are, only the

information on the last card will be retained.

a Use of a GN card after any form of execute dictates structure matrix

regeneration.

o Only the parameters of the first medium are used when the antenna

currents are calculated; the parameters associated with the second

medium are not used until the calculation of the far fields. It is

possible then to calculate the currents over one set of ground param-

eters (medium one), but to calculate the far fields over another set

(medium two) by setting the distance to the start of medium two to

zero. Medium one can even be a perfectly conducting ground specified

by IPERFl1.

oWhen a radial wire ground screen or a second medium is specified, i
it is necessary to indicate their presence by the first parameter on

the RP card in order to generate the proper radiation patterns.

* When a ground plane is specified, this fact should also be indicated

on the GE card. Refer to the GE card for details.

o When a model includes surface patches, the fields due to the patches

will be calculated by using only the primary ground parameters.

Hence, a second ground medium should not be used with patches. The

radial wire ground screen approximation also is not implemented for

patches.
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Interaction Approximation Range (KH)

Purpose: To set the minimum separation distance for use of a time-saving

approximation in filling the interaction matrix.

Card: - -. .
25 101 20 30 40 so s0 70 s0

KHI PI ilank Blenk Slank Slekk Slink

The number. along the top refer to the lot olumn In eeh f eld.I I I I
Parameters:

Integers - Nont

Decimal Numbers,
RKH (Fl) - The approximation is used for interactions over distances

ogreater than RRM wavelengths.

Note.._si

e If two segments or a segment and a patch are separated by more than

RKH wavelengths, the interaction field is computed from an impulse

approximation to the segment current. The field of a current element

located at the segment center is used. No approximation is used for

the field due to the surface current on a patch since the time for

the standard calculation is very short.

a The KH card can be placed anywhere in the data cards following the

geometry cards (with FR, EX, LD, *cc.) and affects all calculations

requested following its occurrence. The value of RKH may be changed

within a data set by use of a new KH card.

4M
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Loading (LD)

Purpose: To specify the impedance loading on one segment or a number of

segments. Series and parallel RLC circuits can be generated. In

addition, a finite conductivity can be specified for segments.

Card:

2 2 101 20 30 40 ss 70 W0

L0 I1 12 13 14 Ft F2 F3 blenk Wink bmi~k

U. '

ZLR ZLI ZLC

e ,e slon O's Oo'er 'a 
ChUt 

snacil

Parameters:
Integirl

LDTYP (1l) - Determines the type of loading which is used. The

options are:

-1 - short all loads (used to nullify previous loads).

The remainder of the card is left blank.

0 - series RLC, input ohms, henries, farads.

1 - parallel RLC, input ohms, henries, farads.

2 - series RLC, input ohms/meter, henries/meter,

farads/meter.

3 - parallel RLC, input ohms/meter, henries/meter,

farads/meter.

4 - impedance, input resistance and reactance in ohms.

5 - wire conductivity, mhos/meter,

LDTAG (12) - Tag number; identifies the wire section(s) to be

loaded by its (their) tag numbers. The next two

parameters can be used to further specify certain

segment(s) on the wire section(s). Blank or zero

here implies that absolute segment numbers are being

used in the next two parameters to identify segments.

-66-

"''* I ' "' ' "'I



LD

If the next two parameters are blank or zero, all

segments with tag LDTAG are loaded.

LDTAGF (13) - Equal to m specifies the mth segment of the set of

segments whose tag numbers equal the tag number

specified in the previous parameter. If the previous

parameter (LDTAQ) is zero, LDTAG? then specifies an

absolute seagent number. If both LDTAG and LDTAGF

are zero, all segments will be loaded.

LDTAGT (14) - Equal to n specifies the n th segent of the set of

segments whose tag numbers equal the tag number

specified in the parameter LDTAG. This parameter

.must be greater than or equal to the previous param-

eter. The loading specified is applied to each of

the mth through nth segments of the set of segments

having tags equal to LDTAG. Again if LDTAG is zero,

these parameters refer to absolute segment numbers.

If LDTAGT is left blank, it is set equal to the

previous parameter (LDTAGF).

Floating Point Input for the Various Load Tyipes

a. Series RLC j-) (LDTYP - 0)

ZLR (Fl) - Resistance in ohms, if none, leave blank.

ZLI (F2) - IndUctance in henries, if none, leave blank.

ZLC (F3) - Capacitance in farads, if none, leave blank.

b. Parallel RLC ( -) (LDTYP n 1),

floating point input same as as

c. Series RLC (LDTYP - 2) input, parameters per unit length.

ZLR - Resistance in ohms/meter, if nonse leave blank.

ZLI - Inductance in henries/meter, if none, leave blank.

ZLC - Capacitance in tarads/meter, if none, leave blank.

d. Parallel RLC (LDTYP a 3), input parameters per unit length,

floating point input same as c.
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e. Impedance (LDTYP - 4)

ZLR - Resistance in ohms. 0
ZLI - Reactance in ohms.

f. Wire conductivity (LDTYP - 3)

ZLR - Conductivity in mhos/meter.

* Loading cards can be input in groups to achieve a desired structure

loading. The maximum number of loading cards in a group is determined

by dimensions in the program. The limit is presently 30.

* If a segment is loaded more than once by a group of loading cards,

the loads are assumed to be in series (impedances added), and a

comment is printed in the output alerting the user to this fact.

9 When resistance and reactance are input (LDTYP n 4), the impedance

does not automatically scale with frequency.

* Loading cards used after any form of execute, require the regeneration

of the structure matrix.

e Since loading modifies the interaction matrix, it will affect the

conditions of plane or cylindrical symmetry of a structure. If a

structure is geometrically symmetric and each symmetric section is to

receive identical loading, then symmetry may be used in the solution.

The program is set to utilize symmetry during geometry input by

inputting the data for one symmetric section and completing the

structure with a GR or GX card. If symmetty is used, the loading on

only the first symmetric section is input on LD cards. The same

loading will be assumed on the other sections. Loading should not

be specified for segments beyond the first section when symmetry is

used. If the sections are not identically loaded, then during

geometry input the program must be set to a no-symmetry condition to

permit independent loading of corresponding segments in different

sections.

0
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Near Fields (NE, NO)

'V Purpose: To request calculation of near electric fields in the vicinity of

the antenna (NE) and to request near magnetic fields (NH).

2 10 16 20 30 40 s 6 70 0

N1 i1 12 13 14 P1 P2 P3 P4 Ps PG
NH

XNA YNR ZNP I0XNI DYNA DZNN

The ,numbers olon, the top refer to the IBt flumn In each field.I I I I
Parameters:

Inteaers

NEAR (11) - Coordinate system type. The options are:

0 - rectangular coordinates will be used.

1 - spherical coordinates will be used.

Remaining Integers Depend on Coordinate Type

a. Rectangular coordinates (NEAR.- 0)

NRX (12) - Number of points desired in the X, Y, and

NRY (13) - Z directions respectively. X changes

NRZ (14) - I the most rapidly, then Y, and then Z.

The value I is assumed for any field left blank,

b. Spherical coordinates (NEAR a 1)

(12) - Number of points desired in the r, 0, and e directions,

(13) - respectively. r changes the most rapidly, then 0, and

(14) - I then 0. The value I is assumed for any field left

blank.
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Floating Point Fields

Their specification depends on the coordinate system chosen.

a. Rectangular coordinates (NEAR - 0)

XNR (F1) - The (X, Y, Z) coordinate position (Fl, F2,

YNR (F2) - F3) respectively, in meters of the first

ZNR (M3) - field point.

DXNR (F4) - Coordinate stepping increment in meters for the

DYNR (F5) - X, Y, and Z coordinates (F4., F5, ?6), respectively.

DZNR (M6) - In stepping, X changes most rapidly, then Y, and

then Z.

b. Spherical coordinates (NEAR w 1)

(Fl) - The (r, , 6) coordinate position (F1, F2, F3)
(F2) - respectively, of the first field point, r is in

(F3) - meters, and * and e are in degrees.

(F4) - Coordinate stepping increments for r, 0, and 8

(P5) - (F4, F5, F6), respectively. The stepping increment

(M6) - for r is in meters, and for * and e is in degrees.

Notes:

o When only one frequency is being used, near-field cards may be

grouped together in order to calculate fields at points with various

coordinate increments. For this case, each card encountered

produces an immediate execution of the near-field routine and the

results are printed. When automatic frequency stepping is being

used (i.e., when the number of frequency steps (NFRQ) on the FR card

is greater than one], only one NE or NH card can be used for program

control inside the frequency loop. Furthermore, the NE or NH card

does not cause an execution in thiA case. Execution will begin only

after a subsequent radiation-pattern card (RP) or execution card (XQ)

is encountered (see respective write-ups on both of these cards).

e The time required to calculate the field at one point is equivalent

to filling one row of the matrix. Thus, if there are N segments in

the structure, the time required to calculate fields at N points is

equivalent to the time required to fill an N x N interaction matrix.

0
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o The near electric field is computed by whichiver form of the field

equations selected for ftilling the matrix, either the thin-wire

approximation or extended thin-wire approximation. *t large distances

from the structure, the segment currents are treated an Infinitesimal

current elements.

a If the field calculation point falls within a wire segment, the

point is displaced by the radius of that segment in a direction

normal to the plane containing each source segment and the vector

from that source sepent to the observation segment. When the

specified field-calculation point is at the center of a segment, this

convention is the same as is used in filling the interaction matrix.

If the field point is on a segent axis, that segment produces no

contribution to the H-field or the radial component of the E-field.

If these components are of interest, the field point should be on or

outside of the segment surface.
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Networks (NT)

Purpose: To generate a two-port nonradiating network connected between any

two segments in the structure. The characteristics of the network

are specified by its short-circuit admittance matrix elements, For

the special case of a transmission line, a separate card is provided

for convenience although the mathematical method is the same as for

networks. Refer to the TL card.

Card:
2 1 0D 15 20 30 40 so 6o 70 so

T 1 1 12 13 14 FIl 2 113 F4 F 11

V111 V111 Y12R Y121 Y22M Y221

The numbers aiong the too tefer to the It olumn In each field.I I
Parameters:

Injaeers

(11) - Tag number of the segment to which port one of the network

is connected. This tag number along with the number to be

given in (12), which identifies the position of the segment

in a set of equal tag numbers, uniquely defines the segment

for port one. Blank or zero here implies that the segment

will be identified, using the absolute sepment number in the

next location (12).

(12) - Equal to m, specifies the Ih segment of the set of segments

whose tag numbers are equal to the number set by the previous

parameter. If the previous parameter is zero, the number in

(12) is the absolute segment number corresponding to end one

of the network. A minus one in this field will nullify all

previous network and transmission line connections. 'The

rest of the card is left blank in this case.

(13) & (14) - Used in exactly the same way as (11) & (12) it. order

to specify the segment corresponding to port two of the

network connection.
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The six floating-point fields are used to specify the real and

imaginary parts of three short circuit admittance matrix elements

(1, 1), (1, 2), and (2, 2), respectively. The admittance

matrix is symmetric so it is unnecessary to specify element (2, 1).

Y11R (Fl) - Real part of element (1, 1) in shos.

Yll (F2) - Imaginarypart of element (1, 1) in shos.

Y12R (F3) - Real part of element (1, 2) in mhos.

Y121 (F4) - Imaginary part of element (1, 2) in mhos.

Y22R (M5) - Real part of element (2, 2) in shos.

Y221 (F6) - Imaginary part of element (2, 2) in mhos.

Notes:

* Network cards may be used in groups to specify several networks on a

structure. All network cards for a network configuration must occur

together with no other cards (except TL cards) separating them. When

the first NT card is read following a card other than an NT or TL

card, all previous network and transmission line data are destroyed.

Hence, if a set of network data is to be modified, all network data

must be input again in the modified form. Dimensions in the program

limit the number of networks that may be specified. In the present

NEC deck, the number of two-port networks (including transmission

lines) is limited to thirty, and the number of different segments

having network ports connected to them is limited to thirty.

* One or more network ports can be connected to any given segment.

Multiple network ports connected to one segment are connected in

parallel.

# If a network is connected to a segment which has been impedance

loaded (i.e., through the use of the LD card), the load acts in

series with the network port.

a A voltage source specified on the same segment as a network port is

connected in parallel with the network port.

e Segments can be impedance-loaded by using network cards. Consider

a network connected from the segment to be loaded to some other

arbitrary segment as shown in figure 17. The admittance matrix
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Figure 17. Segment Loaded by Means of a 2-Port Network.

elements are Y l /Z•, Y112 / 0, and Y22 w infinity (compucationally,

a very large number such as 100), The advantage of using this

technique for loading is that the load can be changed without causing

a recalculation of the structure matrix as is required when LD

cards are used. Furthermore, in some cases a higher degree of

structure matrix symmetry can be preserved because the matrix

elements are not directly modified by networks as they are when

using the LD cards. (Consider for instance a loop with one load

where the loop is rotationally symmetric until the load is placed on

it.) The disadvantage of the NT card form of loading is that the

user must calculate the load admittance, and this value does not

automatically scale with frequency. Obviously, in the above

schematic, replacing the short with an impedance would load two

segments. At a segment at which a voltage source is specified, the

effect of loading by the LD and NT cards differs, however, since the

network is in parallel with the voltage source while the load
specified by an LD card is in series with the source,

* Use of network cards (NT) after any form of execute requires the

recalculation of the current only.

• NT and TL cards do not affect structure symmetry.
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Next Structure (NX)

Pur•ose: To signal the end of data for one structure and the beginning of

data for the next structure.

Lard:

r215 10 15 20 30 40 so so 70 so

NX blank blank bonk blank blank Monk

The nube'iIrs alone the toP refer to the lt aolumn In aiih field.I I I I I
Parameters: NX appears in the first two columns, and the rest of the card

is blank.

Notes: The card that directly follows the NX card must be a comment card.

S
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Print Control for Charge on Wires ,(P)

Purpose: To control the printing of charge densities on wire segments.

Card:

2 6 10 os 20 30 40 s0 60 70 go

PO I1 12 13 14 blank blank blank blank blank blank

The numberl along the top ref ot to the lot column in each field.
I III I

Parameters:

Intesers

IPTFLQ (Il) - Print control flag:

-1 - suppress printing of charge densities. This is

the default condition.

0 - (or blank) print charge densities on segments

specified by the following parameters. If the

following parameters are blank, charge densities

are printed for all segments,

IPTAQ (12) - Tag number of the segments for which charge densities

will be printed.

IPTAQF (13) - Equal to m specifies the mth segment of the set of
segments having tag numbers of IPTAQ. If IPTAQ is

zero or blank, then IPTAQF refers to an absolute

segment number. If IPTAQF is left blank, then charge

density is printed for all segments.

IPTAQT (14) - Equal to n, specifies the nth segment of the set of

segments having tag numbers of IPTAQ. Charge densi-
ties are printed for segments having tag number

IPTAQ starting at the mth segment in the set and

ending at the nth segment. If IPTAQ is zero or blank,

then IPTAqF and IPTAQT refer to absolute segmet
numbers. If IFTAQT is left blank, it is set equal

to IPTAQF.
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Print Control for Current on Wires (PT)

Purpose: To control the printing of currents on wire segments. Current

printing can be suppressed, limited to a few segments, or special

formats for receiving patterns can be requested.

Card:

a1 101i 20 30 40 s o 70 ?

PT I1 12 13 A blenk blank blank blank blank blank

i i m •
The numbers elorig the top refer to the lot cOlumn In each field.I II I I

Parameters:

Integers

IPTFLG (I1) - Print control flag, specifies the type of format used

in printing segment currents. The options are:

-2 - all currents printed. This is a default value

for the program if the card is omitted.

-1 - suppress printing of all wire segment currents.

0 - current printing will be limited to the segments

specified by the next three parameters.

1 - currents are printed by using a format designed

for a receiving pattern (refer to output section

in this manual). Only currents for the segments

specified by the next three parameters are

printed.

2 - same as for 1 above; in addition, however, the

current for one segment will ke normalized to

its maximum, and the normalized values along with

the relative strength in dB will be printed in

a table. If the currents for more than one

segment are being printed, only currents from

the last segment in the group appear in the

normalized table.
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3 - only normalized currents from one segment are

printed for the receiving pattern case.

IPTAG (12) - Tag number of the segments for which currents will

be printed.

IPTAGF (13) - Equal to m, specifies the mth segment of the set of

segments having the tag numbers of IPTAG, at which

printing of currents starts. If IPTAG is zero or

blank, then IPTAGF refers to an absolute segment

number. If IPTAGF is blank, the current is printed

for all segments.

IPTAGT (14) - Equal to n, specifies the nth segment of the set of"'

segments having tag numbers of IPTAG. Currents are

printed for segments having tag number IPTAG

starting at the mth segment in the set and ending

at the nth segment. If IPTAG is zero or blank, then

IPTAGF and IPTAGT refer to absolute segment numbers.

If IPTAGT is left blank, it is set equal to IPTAGF.
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Radiation Pattern (RP)

" Purpose: To specify radiation pattern sampling parameters and to cause

program execution. Options for a field computation include a

radial wire ground screen, a cliff, or surface-wave fields.

Card:

2 5 101Is 20 30 40 110 so 70 so

FtP Hi 12 12 14 FRI F2 F3 PI F5 P6

I
Parameters•

Intisers

(1I) - This integer selects the mode of calculation for the

radiated field. Some values of (I1) will affect the meaning

of the remaining parameters on the card. Options available

for 11 are:
0 - normal mode. Space-wave fields are computed. An

infinite ground plane is included if it has been

specified previously on a GN card; otherwise, antenna

is in free space.

1 - surface wave propagating along ground is added to the

normal space wave. rhis option changes the meaning of

some of the other parameters on the R? card as explained

below, and the results appear in a upecial output format.

Ground parameters must have been input on a GN card.

The following options cause calculation of only the

space wave but with special ground conditions. Ground

conditions include a two medium ground (cliff) where the

media join in a circle or a line, and a radial wire ground

screen. Ground parameters and dimensions must be input
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on a GN or GD card before the RP card is read. The RP

card only selects the option for inclusion in the field

calculation. (Refer to the ON and CD cards for further

explanation.)

2 - linear cliff with antenna above upper level. Lower

medium parameters are as specified for the second medium

on the GN card or on the GD card.

3 - circular cliff centered at origin of coordinate system

with antenna above upper level. Lower medium parameters

are as specified for the second medium on the ON card

or on the GD card.

4 - radial wire ground screen centered at origin.

5 - both radial wire ground screen and linear cliff.

6 - both radial wire ground screen and circular cliff.

The field point is specified in spherical coordinates

(R, e, 0). illustrated in figure 18, except when the

surface wave is computed. For computing the surface-

wave field (Il - 1), cylindrical coordinates (p, 0, z)

are used to accurately define points near the ground

plane at large radial distances. The RP card allows

automatic stepping of the field point to compute the

field over a region about the antenna at uniformly

spaced points. The integers 12 and 13 and floating

point numbers Fl, F2, F3 and F4 control the field-point

stepping.

L.7 Z

Ye 
2

R

x X

Spherical coordinates Cylindrical coordinates

figure 18. Coordinates for Radiated Field.
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NTH (12) - Number of values of theta (6) at which the field is to

be computed (number of values of z for 11 - 1).4NPH (13) - Number of values of phi (0) at which field is to be

computed. The total number of field points requested

by the card is NTHx NPH. If 12 or 13 is left blank, a

value of one will be assumed.

XNDA (14) - This optional integer consists of four independent

digits in columns 17, 18, 19 and 20, each having a

different function. The mnemonic XNDA is not a variable

name in the program. Rather, each letter represents a

mnemonic for the corresponding digit in 14. If I1 a 1,

then 14 has no effect and should be left blank.

X - (column 17) controls output format.

X a 0 major axis, minor axis and total gain printed.

X a 1 vertical, horizontal and total gain printed.

N - (column 18) causes normalized gain for the specified

field points to be printed after the standard gain

output. The number of field points for which the

normalized gain can be printed is limited by an array

dimension in the program. In the demonstration program,

the limit is 600 points. If the number of field points

exceeds this limit, the remaining points will be omitted

from the normalized gain. The gain may be normalized

to its maximum or to a value input in field F6, The

type of gain that is normalized is determined by the

value of N as follows:

N a 0 no normalized gain.

"- 1 major axis gain normalized.

a 2 minor axis gain normalized.

a 3 vertical axis gain normalized.

- 4 horizontal axis gain normalized.

a 5 total gain normalized.

D - (column 19) selects either power gain or directive gain

for both standard printing and normalization. If the

structure excitation is an incident plane wave, the

quantities printed under the heading "gain" will actually
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be the scattering cross section (C/A ) and will not be

affected by the value of D. The column heading for the

output will still read "power" or "directive gain,"

however.

D n0 power lain.

D * 1 directive gain.

A - (column 20) requests calculation of average power gain

over the region covered by field points.

A w 0 no averaging.

A - I average gain computed.

A - 2 average gain computed, printing of gain at the

field points used for averaging Is suppressed.

If NTH or NPH is equal to one, averag; gain will not be

computed for any value of A since the area of the

region covered by field points vanishes.

Floating Point Numbers

THETS (Fl) - Initial thata angle in degrees (initial z coordinate

in meters if I1 - 1).

PHIS (F2) - Initial phi angle in degrees.

DTH (F3) - Increment for theat in degrees (increment, for z in

meters if 1l - 1).

DPH (W4) - Increment for phi in degrees.

RFLD (F5) - Radial distance (R) of field point from the origin in

meters. RFLD is optional. If it is blank, the

radiated electric field will have the factor exp(-JkR)/R

omitted. If a value of R is specified, it should

represent s point in the far-field region since near

components of the field cannot be obtained with an RP

card. (If I1 - 1, then RFLD represents the cylindrical

coordinate p in meters and is not optional, It must be

greater than about one wavelength.)

GNOR (F6) - Determines the gain normalization factor if normaliza-

tion has been requested in the 14 field. If GNOR is

blank or zero, the gair will be normalized to its

maximum value. If GNOR is not zero, the gain will be

normalized to the value of GNOR.
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RP

Notes:

e The RP card will initiate program execution, causing the interaction

matrix to be computed and factored and the structure currents to be

computed if these operations have not already been performed. Hence,

all required input parameters must be eat before the RP card is read.

a At a single frequency, any number of RP cards may occur in sequence

so that different field-point spacings may be used over different

regions of space. If automatic frequency stepping is being used

(i.e., NFRQ on the FR card is greater than one), only one RP card will

act as data inside the loop. Subsequent cards will calculate patterns

at the final frequency.

a When both NTH and NPH are greater than one, the angle theta (or Z)

will be stepped faster than phi.

e When a ground plane has been specified, field points should not be

requested below the ground (e greater than 90 degrees or Z less than

zero).
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Transmission Line (TL)

Purpose: To generate a transmission line between any two points on the

structure. Characteristic impedance, length, and shunt admittance

are the defining parameters.

Card:

r26 ¶5 10 26 2 0 40 701 057

TL 1 12 2 14 11 P2 P, Ps 1s

The numbers lon the tol refer to the li"t eolumn In ot feld,SI I I

Inteners - (the integer specifications are identical to those on the

network (NT) card.)

Floatins Point

(FI) - The characteristic impedance of the transmission line in

ohms. A negative sign in front of the characteristic
impedance will act an a flag for generating the transmission

line with a 180' phase reversal (crossed line) if this is
desired.

(M2) - The length of transmission line in meters. If this field

is left blank, the program will use the straight line dis-

tance between the specified connection points.

The remaining four floating-point fields are used to

specify the real and imaginary parts of the shunt admittances

at and one and two, respectively.

(F3) - Real part of the shunt admittance in mhos at end one.

(P4) - Imaginary part of the shunt admittance in mhos at and one.

(F5) - Real part of the shunt admittance in mhos at and two

(M6) - Imaginary part of the shunt admittance in mhos at end two.
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TL

Notes:

* The rules for transmission line cards are the same as for network

c4ads. All transmission line cards for a particular transmission

line configuration must occur together with no other cards (except NT

cards) separating them. When the first TL or NT card is read follow-

ing a card other than a TL or NT card, all previous network or

transmission line data are destroyed. Hence, if a set of TL cards

is to be modified, all transmission line and network data must be

input again in the modified form. Dimensions in the program limit the

number of cards in a group that may be specified. In the NEC

demonstration deck, the number of two-port networks (specified by NT

cards and TL cards) Is limited to thirty, and the number of different

segments having network ports connected to them is limited to thirty.

* One or more networks (including transmission lines) may be connected

to any given segment. Multiple network ports connected to one

segment are connected in parallel.

* If a transmission line in connected to a segment that has been

impedance loaded (iLe., through the use of an LD card), the load

acts in series with the line.

* Use of transmission line cards (Mh) after any form of execute requires

the recalculation of the current only, and does not require recalcu-

lation of tih matrix.

a NT and TL cards do not affect symmetry.
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Write NGF File (WG)

Purpose: To write a NCF file for a structure on the file TAPE20.

Card:0
25 is020 30 40 t 0o 6 0 30

WO blank blank blank blank blak blink

The numbers along the too Wrte to IN last column in each field.

Parameters: None

Notes:

0 See uction 111-5.
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Execute (XQ)

Purpose: To cause program execution at points in the data stream where

execution is not automatic. Options on the card also allow for
automatic generation of radiation patterns In either of two vertical

cute.

Card:

a25 101Is 20 30 d0 so 60 70 so

X0 11 blank blank blank blank blank blank

The number$ @long the 10P fgfqr to the lont column In eaech field.I I I1

Parameters:

lntezerf

(11) - Options controlled by (11) are:

0 - no patterns requested (normal case).

1 - generates a pattern cut in the XZ plane, i.e., 0 - 0'

and e varies from O to 90* in 10 steps.

2 - generates a pattern cut in the YZ plane, i.e., 0 w 90"

e varies from 0' to 90' in V steps.

3 - generates both of the cuts described for the values

I and 2.

The remainder of the card is blank.

e For the case of a single frequency step, four cards will autoutatically

produce program execution (is,, the program stops reading data and

proceeds with the calculations requested to that point); the four

cards are the execute card (XQ), the near-field cards (NE,NH), and

the radiation-pittern card (RP). Thus, the only time the XQ card is

mandatory, for the case of one fruiquency, is when only currents end

impedances for the structure are desired. On the other hand, for the

case of automatic frequency stepping, only the XQ card and the RP
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×Q

card cause execution. Thus, if only near-f-ields or currents are

desired, the XQ card is mandatory to cause execution. Furthermore,

the XQ card can always be used as a divider in the data after a card

which produces an execute. For instance, If the user wished to put

a blank XQ card afltsr an RP card to more easily divide the data into

execution groups, the XQ card will act as a do-nothing card.

o The radiation-pattern generation option of the XQ card must not be

used when a radial wire ground screen or a second medium has been

specified. For these cases, the RP card is used where the presence

of the additional ground parameters is indicated.

_0
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4. SOMNEC INPUT FOR SOM4ERFELD/NORTON GROUND METHOD

4When the Somerfeld/Norton ground option is requested on the GN card,

NEC reads interpolation tables from the file TAPE21. This file must be created

prior to the NEC run by running the separate program SOMNEC. SOMNEC reads a

single data card with the parameters:

EPR, SIC, FMHZ, IPT (format 3E10.3, IS)

The three decimal numbers end in columns 10, 20, and 30 and the integer IPT

must end in column 35. The parameters are:
EPR w relative dielectric constant of ground (c )

SIG w conductivity of ground in mhos/m (a)

FMHZ a frequency in MHz

IPT a I to print the interpolation tables

0 0 for no printed output.

The interpolation tables depend only on the complex dielectric constant

=C U - jc-
c r

er * EPR , am SIG.

If SIG is input as a negativa number, the program sets

C - EPR - JISIGIl

and frequency is not used. The tables are wTitten on the file TAPE21. The

central processor time to generate the tables on a CDC 7600 computer is about

15 seconds.

5. THE NUMERICAL GREEN'S FUNCTION OPTION

With the Numerical Green's Function (NGF) option, a fixed structure and

its environment may be modeled and the factored interaction matrix saved on a

file. Noew parts may then be added to the model in subsequent computer runs

and the complete solution obtained without repeating calculations for the
data on the file, The main purpose of the NGF is to avoid unnecessary

repetition of calculations when a part of a model, such as a single antenna

in a complex environment, will be modified one or more times while the

environment remains fixed. For example, when modeling antennas on ships,
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several antenna designs or locations may be considered on an otherwise

unchanged ship. With the NGF, the self-interaction matrix for the fixed

environment may be computed, factored for solution, and saved on a tape or

disk file. Solution for a new antenna then requires only the evaluation of

the self-interaction matrix for the antenna, the mutual antenna-to-environment

interactions, and matrix manipulations for a partitioned-matrix solution.

When the previously written NGF file is used, the free space Green's function

in the NEC formulation is, in effect, replaced by the Green's function for

the environment.

Another reason for using the NGF option is to exploit partial symmetry-

in a structure. In a single run, a structure must be perfectly symetric for

NEC to use symmetry in the solution. Any unsymmetric segments or patches, or

ones that lie in a symmetry plane or on the axis of rotation, will destroy

the symmetry. Such partial symmetry may be exploited to reduce solution time

by running the symmetric part of the model first and writing a NGF file. The

unsymmetric parts may then be added in a second run.

Use of the NGO option may also be warranted for large, time-consuming

models to save an expensive result for further use. Without adding new

antennas, it may be used with a new excitation or to compute new radiation,

near-field, or coupling data not computed in the original run,

To write a NGF file for a structure, the data deck is constructed as

for a normal run. After the GE card, the frequency, ground parameters, and

loading may be set by FR, GN, and LD cards. EK or KH0 may also be used. Other

cards, such as EX or NT that do not change the matrix, will not affect the

NGF and will not be saved on the file. After the model has been defined, a

WG card is used to fill and factor the matrix and cause the NGF data to be

written to the file TAPE20. TAPE20 should be saved after the run teminates.

Other cards may follow the WG card to define sp excitation and request field

calculations as in a normal run. WC should be the first card to request

filling and far oring of the matrix, however, since it reserves array space

for the matrix in subsequent runs when the NVF is used. Hence, WO should come

be•'- XQ, RP, NE, or NH. The FR card must not specify multiple frequencies

wli., a NGF is written.

To use a previously generated NGF file, the file is made available to

the program as TAPE20. The first structure-geometry data card, following the

CE card, must be a GF card to cause the program to read TAPE20. Subsequent
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structure data cards define the new structure to be added Lo the NGF structure.

All types of structure geometry data cards may be used although GM, GR, GX,

and GS will affect new structure but not that from the NGF file. GR and GX

will have their usual effect on the new structure but will not result in use

of symmetry in the solution. Symmetry may be used in writing the NGF file but

not for new structure used with the NGF.

For connections between the new structure and HGF structure, the new

segment ends or patch centers are made to coincide with the NOF segment ends

or patch centers as in a normal run. The rules still apply that only a single

segment may connect to a given patch and a segment may have a patch connection

on only one of its ends. Also, a wire may never connect to & patch formed by

subdividing another patch for a previous connection.

Following the GE card the program control cards may be used as usual,

with the exception that FR and GN cards may not be used. The parameters from

these cards are taken from the NGF file and cannot be changed. LD cards may

be used to load new segments but not segments in the NGF. If integers 13 and

14 on a LD card are blank, the card will load all new segments (new segments

with tag LDTAG if 12 is not zero) but not NGF segments. If 12, 13 and 14. select a specific NGF segment, the run will terminate with an error message.

The effect of loading on NGF segments may be obtained with a NT card, since

NT (and TL) may connect to either new or NGF segments.

Computation time for a run using a NGF file may be estimated from the

formulas in section V by evaluating the time to run the complete structure

and subtracting time to fill and factor the matrix for the NGF part of the

structure alone (T1 and T2 ). If the new structure connects to tne NGF

structure, new unknowns - in addition to those for the new segments and

patches - are produced and should be included in the time estimate for the

complete structure. If a new segment or patch connects to a NGF segment, the

current expansion function for the NGF segment is modified. One new unknowr

is then added to the matrix equation to represent the modified expansion

function and suppress the old expansion function. If a new segment connects

to a NGF patch, 10 new unknowns are produced in addition to that for the new

segment. Four new patches are automatically generated at the connection point

accounting for eight unknowns. The remaining two new unknowns are needed to. suppress the current on the old patch that has been replaced.
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Although connection to a NGF segment modifies the old basis function,

the current on the segment will be printed in Its normal location in the table

of segment currents. When a new wire connects to a NGF patch, the patch is

divided into four new patches that will appear after the user-defined patches

in the patch data. The original patch will be listed in the tables but with

nearly zero current. Also, the Z coordinate of the original patch will be

set to 9999.
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Section IV4e NEC Output

Typical NEC output is illustrated in this section with examples that

exercise most of the options available. In addition to demonstrating the use

of the code and typical wutput, the results may be used to check the operation

of the code when it is put in use on a new computer system. Most of theý

output is self-explanatory. The general form is outlined below, the particular

points are discussed with the examples in which they occur.

Thi output follows the form of the input data, starting with the

descriptive coments, folloved by geometry data and then requested computations.

Under the heading "STRUCTURE SPECIFICATION" is a list of tho geometry data

cards. The heading on the table is for a GW card, giving the X. Y, and Z

coordinates of the wire ends, the radius, and the number of segments. Under

the heading "WIRE NO." is a count of the number of OW cards. Data from other

geometry cards are printed in the table with a label identifying the card.,

For a patch, the patch number is printed under "WIRE NO." followed by a letter

to indicate the shape option - P for arbitrary, R for rectangular, T for

triangular, and Q for quadrilateral.

After a CE card is read, a summary of the number of segments and patchs

is printed. The aymmetry flag is zero for no symetry, positive for planar

symmetry, and negative for rotational symmetry. A table of multiol.e-wire

junctions lists all junctions at which three or more wires join. The number

of each connected 6egment is printed preceded by a minus 6ign if the current

reference direction is out of the junction.

Data for individual segments nre printed under "SEGMENTATION DATA,"

including anglos, a and 8, which are defined the same as for the patch normal

vector (soe figure 5). The connection data whow the connection condition at

each segment. "I-" is the number of the segment connected to the first end

of segment 1. If more than one segment connects to this junction, then I-

will be the first connected segment following I in the sequence of segments.

The numbers under "I+" give the same information for the second end of segment

I. If the connection n-imber is positive, the reference directions of the

connected Pegments are parallel. If the number is negative, they are opposed

(first end to first end, or second end to second end). A zero indicates a

free wire end, while if 1± is equal to I, that --.'d of segment I is connected
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to a ground plane. If I± is greater than 10,000, the end is connected to a

surface and (I±) - 10,000 is the number of the first of the four patches

around the connection point.

When patches are used, the next section is "SURFACE PATCH DATA." This

includes the coordinates of the patch center, components of the unit normal

vector, and patch area. Components of the unit tangent vectors, t1 and 2

(#ee Section 11) are also printed for use in reading the surface currents

printed later.

The data cards following the geometry cards are printed exactly as they

are read by the program. When a card requesting computations is encountered,

information on ground parameters and loading is printed, followed by currents.

The line "APPROXIMATE INTEGRATION..." gives the separation distance, set by a

KH card, at *hich the Hertzian dipole approximation is used for the electric

field due to a segment. If the extended thin-wire kernel has been requested

by an EK card, this is also noted at this point in the output. Under "MATRIX

TIMING" is printed the time to fill and factor the interaction matrix.

If one or more voltage sources have been specified, the voltage, current,

impedance, admittance and input power are printed for each driving point. If

the voltage source is the current-slope-discontinuity type, this is noted by
"*" after the tag number in the input parameters table (see example 2),

The antenna input parameters are followed by a table giving the current at

the center of each segment. This table includes the coordinates at the seg-

ment centers and segment lengths in units of wavelength. If the model

includes patches, a table of patch currents is printed giving the surface

current in components along the tangent vectors f and e2 and in X, Y, and Z

components.

If there are voltage sources on a model, a power budget is printed

following the current tables. The input power here is the total power

supplied by all voltage sources. The structure loss is ohmic loss in wires,

while the network loss is the total power into all network and transmission

line ports, assuming no radiation from networks or transmission lines.

Findlly, the radiated power is computed as input power minus structure and

ne.twork loss.

PRadiated fields or near-fields requested in the input data are printed

fcllowing the current tables. In the normal radiation-pattern format,

transmitting antenna gains are printed in dB in the components requested on
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the RP card. If an incident-field excitation is used, rather than a voltage

source, the gain columns will contain the bistatic scattering cross section

(o/02). For very small gains, the number -999.99 is printed.

The radiation-pattern format also includes the radiated electric field

in 6 and c components. These are labeled with the units "volts/m" for

E(R, e, *). Unless the ranges, R, is specified on the P.P card, however, the

quantity printed is the limit of RE(R, e, 0) as R approaches infinity, having

units of volts. The polarization is printed in a format for general elliptic

polarization, including axial ratio (minor axis/major axis), tilt angle of the

major axis (n in figure 14), and sense of rotation (right-hand, left-hand, or

linear).

In addition to these basic formats, there are a number of special

formats for optional calculations. Many of these occur in the following

examples.

EXAMPLES 1 THROUGH 4

Examples I through 4 are simple cases intended to illustrate the basic

formats. Example 1 includes a calculation of near-electric-field along the

wire. When the field is computed at the center of a segment without an.applied field or loading, the Z-component of electric field is small since

the solutlon procedure enforces the boundary condition at these points. This

is a check that the program is operating correctly. The values would be still

smaller if the field points were more precisely at the segment centers. The

radial, or X, components of the near-field can also be compared with the

charge densities at the segment centers (p w 2ra c Ex). If the fields were

computed along the wire axis, the radial field would be set to zero. For a

nonplanar structure, however, computation along the axis is the only way to

raproduce the conditions of the current solution and obtain small fields at

the match points.

In exmple 2 the wire has an even number of segments so that a charge-

discontinuity voltage soirce can be used at the center. The symbol "*" in the

table of antinta input parameters is a reminder that this type of source has

been used. Three frequencies are run for this case and the EX card option is

used to collect and normalite the input impedances. At the end of example 2

the wire is given the conductivity of aluninum. This his a significant effect

S since t.he wire is re]atively thin.
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Example 3 is a vertical dipole over ground. Since the wire is thick,

the extended thin-wire approximation has been used. Computation oL the

average power gain is requested on the RP cards. Over a perfectly conducting

ground the average power gain should be 2. The computed result differs by

about 1.5%, probably due to the 10-degree steps used in integrating the

radiated power. For a more complex structure, the average gain can provide a

check on the accuracy of the computed input impedance over a perfect ground

where it should equal 2 or in free space where it should equal 1. Example 3

also includes a finitely conducting ground where the average gain of 0.72

indicates, that only 36% of the power leaving the antenna is going into the

space wave. The formats for normalized gain and the combined space-wave and

ground-wave fields are illustrated. At the end of example 3, the wire is

excited with an incident wave at 10-degree angles and the PT card option is

used to print receiving antenna patterns.

Example 4 includes both patches and wires. Although the structure is

over a perfect ground, the average power gain is 1.8. This indicates that

the input impedance is inaccurate, probably due to the crude patch model used

for the box. Since there is no ohmic loss, a more accurate input resistance

can be obtained as

Radiated power a 1/2 (avg. gain) x (computed input power)

- 1.016 (10=3) W

Radiation resistance - 2 (radiated power)/I source 2

- 162.6 ohms.

Since the input power used in computing the gains in the radiation pattern

table is too large by 0.46 dB, the gains can be corrected by adding this

factor.
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Examples 1 through 4 Input

Ct1WAMKC 1 . CCwtIm Fio LIN(AA AMICNNA
Ow 7 M. 0. -JS 0. 0. .16 1001

ex S 0 K 0 I
go
LO. 0 S 4 4 10. 3.000(43 0.3oc01*I

NIC 0 1 Is .001 o. all , .01110
WN
PCXgAIPLC 8. ClIN1CN rtO LINCAM ANC14A.
c" CURPINI ILVI DISCONTINUITY SOURCI.
c" 1. ?WIN PCP9CCTLV CONOIJTINO WIRE
C9 8. THNI ALUMINUM WIRE
Ow 0 a 0. 0. *.85 0. 0. 45 100001

rA 0 3 a 0 #00. to,
IN S 0 s I 1. 0. so,

LO0 1 0 0 0 3,7100,07
Vp 0 1 0 a 300.
[X S 0 S 0 1-

NM
CRUMPILE 1, VERTICAL 14AV. WAV[LtNGTH ANTONI4A OVCN OROMN
cm EMYINCID THINK WINE XERNEL VMO
CM I. PCIRUEC7 0ORO"
CM 1. IMPOMMC 0N09M INCLUDOING ORO"~d NAVI AW4 RECEIVINO
cE PAITRNK CALCLLATI1094
Ow 9 0. 0. 1. 0. a. 7. .1

ONIl
RP 0 IQ 1:1 30. a oo

RM 0 10 a1301 a, , i. o

RLK 1 10 130 0. 0. 90. 10,

CCt[XAMP.t 1 ANTONIJA ON A §OX OVCP PCPVECY ONO4AdD
sI. .05 .05 0. 0, .01
SP0 10. ci a0go

ox 110
sp 0. a. 0. 0. .04
ow 1 0. 0. I a 0. .3 .001
ow 1 0 0. 0. .3 'it 0. . .001
ow 3 1 0. 0 .3 -.15 0. .3 .001
OIL
ONI

Op I0 4 1001 0. 0. 90. 30.
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Examgle- 1 through 4 Output

NMEIRICAL. cELcIRCRIMA&VICS 0001o..sS. O..*.l..OOeQoe~e.eleISS*@O4oeo

** COMMNI90 **

EXAMPLE I CENTER FED LINEAR ANt9tA

S . TRTUTMI IPECIFICATION . . .

COOiOIMMATE1 "P'T K INPUT IN
WETI[ OR K SCALED TO METERS

IKrOR ,?,R|UC INPUT IS ENDEO

WINE NO. Or FIRST LAS? TAO

NO. l Vl 1 ye It RA DI US Ig, KO. NO,
I -0, *04S000 0, a, 0. M00 0.00100 7 I 7 .0

T07AL K0OKNTS USED' I NO. K0. IN A ,SYMERIC CELL. 7 SYIMTRY FLAG' 0

" MULIPLT,, WIRE *RPiCNII *
JUNCTION IOMCNTS I rO INO I. * F0OR END 11

NONE

. ... SEONTAT ION DATA ....

COD1DINWATS IN MVTERS

Il AND I. INOICAfT Mt1 SECOMENS WrORE AND AFTER I

$CO. COOPOINATES Or StO. CENTER %tC. ORIENTATION ANOLES WINE CONNECTION OATA TAO
NO, v 2 LENGTI AL6IA ICTA RADIUS I- I 14 0•0

I 0. 0. -0.1i400 0.011431 000000 0. 0100100 0 I 1 "0

0 0. 0 0.l.4I1N 0 07143 o0O00000 0 0,00100 I 1 3 -0
3 0 0, -0.07143 0.07143 90 00000 0, 0.00100 1 3 .0

,4 0. 0. 0,00000 0 (I'iki tO Woeo o0 0,00106 3 4 S .0

5 0, 0, 0 07143 0.071,3 90 00000 0. 0 00100 14 S S -0

6 0. 0. 0.14116 0,07143 10 00000 0, 0,00100 s I 7 .0

1 0. 0. 0 11419 0,071.43 ,0.00000 0. 000100 a 7 0 '0

,00** 0AIA CARD NO. I cm 0 0 lt 0 1 00000100 0. 0 o. o, .
•**4@ DATA CARD NO. R X .0 .0 0 .0 0 0 0. 0. 0. 0.

S...... rmcm.c, ..... ..

rRtoiANcys U.S9II0I'0l P942
WAVELNON.( I,.0L00[00 METERS

APPROXIMATE INTIRAION CMPLOYVE) FOR SECKINTS MM THAN 1.000 WAVELENGTHI APART
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-ITMuCTURE IPUIOANCE LOADING . -

TH41STRUCTURE~ IS NOT LOADED

- ANTENNA 1NVIfl0INT...

PI6LL 0.011 tIC.. IFACO~m M.001 SEC.

*-ANTINNA IWU? PARAMtYMtI

TAG KO0. VOLUA0 IVOLTSI CL.MINT I Al) IPPIDANC9 10MI ADMITIAKCI iNNO PMA4
NO, NO. MEAL INAG. ACAL INAO. MEAL I"". HMAL INAG IWATSI"-
*o 4 1,100OOOc 0. 1.10muc3oa.S,15,74C-u3 1,16g7M001 4AUmOC0oi 9.1014K-fh-6. 141.I-C 4.60&W-I01

CIANINTII AND LOCATION . .

0IITANC99 IN WAVCMNO14%

U0O TAG COMO ~W U0, CCNTIR KO ** CURRENT lAPSIal
NO, NO. y ~ y I LINOIN AEAL INAO. PAC PWAK

1 .0 0. 0. -0,1143 0.07143 1.30SH-03 *hICNII03 R,90109-01 *3I.W4
8 -0 0. 0. -0.1411 0.07143 %.3gW-03 *4O04AX*03 7.136711-03 e3.M
3 -0 0. 0. -0.0114 0.07143 ,31 .2III.02 -6.11IC103 1.847K-01 3 '1. ?T7
4 *iJ 0. 0. 0,0000 0,07143 s.0N.106K0 -6,1041t-01 1.066it*M *N.&S
1 .00 0.11 0,0114 0,07143 S.371it*03 46,141to1.0 111,4TC01 -31.777
* .0 0. 0. 0.1he 0107141 S.3WIM-03 '4.@4sx'03 1.83671.03 -33'M
1 -0 0. 0. 0,1143 0.01143 F.231E.O2 -I lMll 03 8,90I0(.03 *33.1-

INPJ¶ Powto * 4.41PK-02 WATTS
MADIATto Pawns .6cSlu.03 WAYTTS
VwNJ¶UN .066' 0. WATT%
N9IWwR LOSS a 0. WATTS
t~VlCI1Iicy a 100.00 PECECNT

DATA CARD WO. 3 .0 0 0 4 4 1.090001-401 3.OCOOOC-09 1.30000-11 0. 0. 0.
D'' ATA CARD NO. 4 P~O -0 *0 -0 -0 0. 0. 0. 0. 0. 0.

flail 0ATA CARO NOý 5 NE 0 1I Is 1.000001-03 0. 0. 0. ITNOOC600-01

* ITRCTUIC IPUIDANCI LOA iN .-

LOCA11ION PtSIUT4NCt INOUCANCE CAPACITANCt IMPPEANCt l0I4MII CONOJCIlVI? TYPE
ITAO r~oom TImJ Cqq i#.Ru IAMADS "CAL. 14AOINARY 1140/Netto

4 4 k.joooE*ai 3.00DOC-01S .3OUOC-II Units

ANTENNA ENVIRNM9~ENT
MEc SPACE

**MATP.IX TIMING- -

rILL 0.011 SEC., T~CTops n. 001 SM.
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. ANTENNdA INPUT PAMAMKIURS - -

TAG 110, VOL TAGCI VOLTS) CURREN? 1AIPI IUICOANCC 1014q11 AOM7ITTANCC H9MMI POWER1
NO NO, AEAL IMAO. REAL IMAG, NAltAL IMAO. RCAL IflAO, IIIATTS)

.0 4 I I0N.00 .1146S-03-1i.01IM1-03 1,1617K010 14,194019*01 *.1ýf4GIC.U2.4091l411.3 4.4773X1-03

* * CIANIN ANO 60CATION *

OIISTANCIS IN WAVILCNOTNO

NO0. ?A* C01, Or 1MO. C9NTIN go0. . . .CLMNNT (AM1I
WO. NO, N v 2 LINOIN PICAL IMAD, NAG. PHASIC

1 .0 0. 0. *0.1143 0.07143 8.314i1103 *I,2YlMC-01 9.10141.02 -10.111
a .0 0. 0. *0, 14" 0,07143 SMON01UO -3.1111t-01 6.741X1.S3 -11.013
3 -11 0. 0. -0.0714 0,01143 0.1014C-01 *4.1467t.03 9l.17311C-031 -1,6.8%
4 .0 0. 0. 0.0000 0.07143 0104Sfl-031 -4o06I0K-02 1.U01(024 -84.344

S .0 0. 0. 0.0714 0.07141 11.18141.03 -w,14GIC-01 9.1731t-03 f 6.070
* -0 0. 0. M1411 0.07143 6,NOK103 *3,971109-11 6.741X-03 -89.013
1 00 0. 01 0.1141 0,01143 1.1#4IC43 -1. 3120-u3s8 *7ON4E03 -30,

C014OMROC DENSITIES

OIIANC1I IN WAVCLCN51HO

Md0. IAO COM, Of %CO1. CENTER 1M0 CHOWG DCNIITY IIOINTP
NO. NO, w y I MEOTH R NA6 I14AO. MAGI PHASE

1 *0 0 0. -0.1143 0,07143 1,IMN-1 1 3.176I19-1 SAM- 1.I 1 60.06
1 -0 0. 0. -0,14#9 0 07143 1.001111. 11 1,1040911 1.43K-lI 64.616
3 -0 0, 0. *0,0714 0.07143 *.1I4OC18 1. 143K -I 11 lIUK-I 70,71.10
4 -0 0. 0. 0,0000 0,07143 0.1694-1*0 1.31114-11 1.1190611-111 4.738
5 *0 0. 0. 0,0714 0407143 -1,114OC1I1 *1. 163Kl1-I 1lIME-Il -I00.810
* -0 a. 0. 0.1410 0,07143 -1.041OC-11 .1,804ot11 1.4309-1-I 1,M14
1 *0 0. 0. 0.1143 0,07143 -1*IX0l 1-1 -21.114-11 3.6 C16KI -119,131

INPUT P01.11 a 4.147739-03 WATT%
MADIA?11 P01.11. 3.994X-03 WATTS
StIUCTUR. LOSl. 4 60301-04 WATT%
NCTIIORM L6011 0. WATT$
COPICI1CNC Of Dill PtRCCN?

...NEAR I'LECCPIC rIClLOS

.OCAtION - . C? -cy C
x T 2 MAONITU~r PI4ASE MAONIILOC PHASE MAGN ITUX IWAIC

MCTENI MXIERS METEIR VO'161M 0101111 VOLTISM WPMCI 4OLTS#N DEGREES
0.0010 0. 0. 1 9911-ab1 4l.14 D. a. 1. 04K 601 .171S.10
0.0010 0. 0.01,79 s 5-0coE.l -06.31 0.D . 1.19271*01 -171.09
0 0010 0. 0 0307 1.09601008 07 15 o 0 61971cs00 -011.46
0.0010 0 0.0130 Ieostso0L -lMll 0 0. ,*413K-01 -119.11
0 0ol0 0. 0.0714 1 I907[.09 -100.30 C 0 4,1131144 -6.13
0 0010 0. 0.0123 1 1147C001 *106 Be c. c. 3,44079-01 -0.87
0 0010 0. 0. 1011? 0 19890C10 01 6 of a. 1400oog-0i 189.3
0.0010 0. 0.1150 1 *13911.0 -. 13 $1 0. 0. 1 907ist-o 74.41
0.0010 0 0. 14#2 4 3021c.09 -111 33 0. 0. 3-0DICK-04 -014. 14

a,01 0. 0 07 4 IIS63E00 -110.71 0 a. I. 0371-01 -106.41
001 0. 0.1716 S1.900C0E'0 -117.0, 0. 0. 140750.000 17.17

0 0010 0. 0. IS1 0.964.0 DI -111 0s6 0 0. 0. 3.1 IK600 0.6.
0 0010 0. 0 1143 b-5UIOC*09 -111.14 0. 0 0.60061-01 -I18.14
DD0 0) 0 0 MI9 1 114E*.0l -100 07 0 0. 1.06010(01 -1814.0

*1110 0. 0 Mo0 5 512M.01 -111 IV 0. 0. 3103911.01 -111.43

DAIA CARD NO. 6 Ntý -0 -0 *0 .0 0 0 0. 0. 0 0

-l00-



NUP(OICAL ICOCINCMAOICIC eeOc

.. q... .....**

1. YWIN PCWCCILV 90"VIEIN WINt
8. ?NIm ALUMINMW1.1199N

S T ?IOUCUR VROP1ICAION* *

cogomim~tts MAT KI INN? Ic
MIC14N ON K 10AL90 1O KICKI
KrftOfmYU0Itw INN? Is gMImo

imIN No. v PINs? LAST ?A*
NO, III YI 11 0 ve it OADIUS go6 Wall 35. Not

1 0. 0. -0.10000 0 0. 0.3,111040 0.00001 1 1 1 0

TOTAL SIPUNT USED. I NO. MD. IN A OYMPCNIC CGLOa 0 1WITNY PLAG'0 0

-MALINlI MIft .P.3TIONS
"~? ION KOIWOKIT I - FOR INO It F OR INS 41

S .. IpNA ION DATA

COONINAti6 IN WeTIP0~I 040 1-OONI P10 INDICAlt t~t1904hf SIOON? AN AP9 I '

UG. ~ ~ ~ 1 ONIIfsO U.tttp Mo ANTAVION ANIOItS wilt cWM~c?ION WAA VAO
N. 9 v I I.NON ALPW.A K14 110A I 1USNO
0. a. -011810 0,01140 $0.00414 a 0.000001 a I 1 0

0. 0a o oiw% 005100p 10,00000 0, 0160001 1 3 0
3, 0 0 .003371 0,05100 gogos 00.00000 C 1001 1 3 4 0

0. 0 0.1 *o 0,e OWOmn *ooooo . osoo a-i 0104 1 a
1 f. 0. 0.0311In1 00oos0 9000000 0. 0.00001 '. 1 5 0

C . . 0411327% 0,0110% 90.00000 C. 0.0001 1 6 7 0
1 0, g .1o 0 0IU 006810 20100000 C. 0.00001 S 7 S a
* c, D. 0.111711 0 CoIos s0.00000 C. 0.00001 7 S 0 0

elete DATA CARD NO, I PA 0 3 0 0 0 000001.01 1-0000011601 0. 0. 0. 0,
44400 DATA CARD NO, f tM I 0 5 1 1.050000I.00 4, 9-00C001[0 0. 0.0

**sDATA CARD NO. 3 MO -0 .0 *0 -0 0, 0. 0.0 0,

r ..... aFC~ .oo.r.o ..4 .

WAVELENSII4' 1 .49900-00 PC It"

A"PNOXIMATE INTL60AAION t~LOI FRc MECHNtSI OCK THAN 1.000 biAVtLtNOII4I APART

. 117"UCtII IP9COANCI LOAOINO . .

THIS1 STWJCTINC IS 401 LOAD(D
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* ANTCNNA CNVIRONMCNt
~fRC SPACE

.. . ATRIX TIMING . .*

PILLS 0,00 $11C.. rACIORIm 0.008 %CC.

.**ANNNNA INN.I ISANAAgMg~1 *

tAG SCG VOILTAUIOLYSmIi CLORMNt IAMMPI IIPIGANCC 10" 1 AWIONgTMC 4104QCIl NI
NO. NO, KA lICCAL IMAG. RIAL IMAO, R1AL IOAOAC IWATIMAi
0 1 1 .00OasOOai 0. IS'40111*fl0 1,I7J19)4t-03OiSM6@.0 6.6N0GIiOfl .1761*1M02 3.3803111-05

* RCmNtNTS AND LOCATION...

CIIVANCII IN WAVILINOTNI

KOG V W cono Or gzo CINTIm 110 * CUMNIN Amm ..
No. NO, X y LINOTN REAL IMAG. MA41 PWAU

a . . -0.141 0,04isu usl l ,16 Of#,lffCC.O R*W61C.0 "Ais
* 0 . *0.1040 0,04160 3.LISMOf 7,0OIK -Oil 7,070K-04N .573

1 a 0 0, -4. *oWIM 0,04161 16SIX. I .IOCK-03 IION10#X02 1 01f3
4 0 0. 9. -0-0100 0o,0469 SAI14906 1,4319C-0 1.413%C-03 87,3W
9 a 0. 0. 0.0108 0.04161 631N.141S 1.3IC-111D 1,433%C-03 67.M
6 0 0. Q. 0.06n0 ,OG161 1,461SX*06 IDOoU-03 1.10#X-03 7.013
'P a 0. 0. 0,N OIS 61040,41 .06Cl1, 7,0lK 04 7,0701talli 576,
1 a a, a, 011 0,0416 cois sAeu-os *a a ,I'cta 1.Wl M4"iI

iNINt PONIN * 3.OX*@1 WAMT
AAOIATIO PMldfl ILlOX-09 WAMt
NIINOUR Lost@ 0. WATTS
SNUCLMt LOUS 0 0 WATT
IP!ICIcNCv a 100.00 ICCECIN

* ror~cylfoigco.........

WAV1L(0NS HI Sffet.o0 CICYIN

AppI*oxImAir INTIOMAUCHN C9TOYED rom UGMCNTI mORC THAN 1.000 WAVILENINTH APAIP?

-. MIIICILJNC IMP1CANCC LOAOINO...

11411 I~tRUT~C "IIt NO? LOACCO

A NTENN~A CNvIRQWM[Nf
PNtt SPACC

. . . MORINI 71MINO...

PILOs 0.011 ICC . IFACT010. 0.001 SIC.
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--- ANTCENNA INIPUT PARAMECTERS - .

TAG SEG. VOLTAGE 1VO.TS) CURRENT IAIPI INPEDANCE 1044II ADMITTANCE I IM05' IRMAC

NO. NO, REAL IMAO. REAL IMAO. REAL INAO, RI. IM~AG. iWATYS)

- CURRENTS AND LOCAT ION . . .

0IITANCIS IN WAVI69NOTHS

3(0, TAG GOP. OF MO. CCNTER no. . . . CUMRNY 4AOPI ..
No, No. v 1 LENGTH MEAL INAll NA PmAst

1 0 @. ol -Co110 Om.Ml oo .i i ,ae-o' 6.~,401-W4 0.61Mu-0 76.10
* 0 0. 0. -0.1301 0., MIR 8.11109UO0 1.7116K-f Sl0Ut-01 70. M
3 0 0. 0. 4.0, 71 0.00011 1.111K-04 .I7017t-03 olM79-03 79.077
4 0 0. 0. -4.0116 0.06011 4.0079-104 331X031f 3.40479-03 79.148
O 0 0. of 040141 0,04116, 06171.I04 3310OK-OS 3.0479-03 70.743
a 0 0. 0. 0. 0769 0.,W11 6,11U-04 1.7007t-Ol 111.7" -03 79.077
7 0 0, 0. 0.1303 GoDW11 3SiIISU04 .715K-OS INMl-fl v6563

a 0 . 01 0.11114 sia l l 1.101 -044 6. 47u19-0 11slmR-0u 7.1056

- A Now -P-( 3U( -

I NPU? M4111 a 3.6114IU.OA WA01S
RADIATED POWER' 3.094M-04 WATTS
ST"RUCiTUR LasSo 0. WIATTS
NETWORN LOSS 8 0. WATTS
irPicitNiv * M0.00 KEACEN

rRg~AXNCYl 3,0000E*0l 1919
WAVCL.ENOtN' 9.9331.-01 MLTERS

APPROXIMAYE INTEGRAT ION NPIOYED FOR SEGMENTS MORE THAN 1.000 WAVELINCTNI APART

*-STRUCTURE IMPEDANCE LOADING...

THIS STRUCTURE It NOT LOADEDD

... ANTENNA ENVIROP.hIET...
FREE SPACE

* *MATIP TMING

TILL@ 0,017 SEC-. ACTORm 0.001 SEC.

...ANTENNA IN"U PARAMETES

TAG KO,. VOLTAGE IVCTLS) C URRENf 1APIPS1 IMPEDANCE lfIS)0 ADMITTANCE IMMID51 Pft(R
NC No REAL IMAG. REAL IMAO. REAL IMAO. REAL IMAC IWATTIT

C * S I00000(.0 0. S3101l-03-S.150E*OK03 *.0.1911E.0I 4.91144C#01 2.3501l-03-53MSOI 03 4.61106(4~3
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. . CL*MtNVS AND LOCATION...

OISTANCtS IN WAVELtNO?*41

NO, NO x v ITENGTM RICAL IMAG, NAG. PHASIC
51G WA CORS oF . CE110R 50. a l 1.109-0 -1C.8R1M-0 1,14 -0 -3,11

f 0 C. a. 0.1 W~ 0.06IS4 6,31179-oI *3.'4@0SX.03 6.aaact-ua -31 4
A 0 0. 0. -0,0939 con' - 611 7.667K1-03 *4.84RIC.63 I.IMg-o -31410
'. a a. a. *0,0313 0ai. 0115 .116Su-03 *S.4.'147@203 1,011101-G -10,1433
0 a a, a). 0,0313 0.061% $.RS u-03 *l.414IC.73 1.069OC.@ *30.'*33
* a a. a. 0oasis 0 061114 1.867K-03 -4-111`1111-0 1111INC.O3 -31,610
7 a a. a. a -IMse 0 coln' 1,.1SM-ai *a.'.oaX-o: *,NllI0I -39-1004
1 a a. a. 0.1189 0.05M9 1.9607901 -.1,uu03 1. 34IUc03 -33.135

INPUT POWI.R w '..UISIE-03 WATTS
PAOIAME P0*65.I '.55511I-03 WATTS
STRUCTURE LToui a. WATTS
NCTWQRX LOSS s 0, WATTS
ErrICIENCY a 100.00 PERCENT?

INPUT IMPPDANCE DATA...
SOUJRCE SCOMICN? 4O. 1
NORMALIZATION FACTOR. 5,011000M)I

MOE. *UNNORMALIICO IMPtOANCC t NORMALIZED IMP90ANCE
RESISTANCE REACTANCE MAONTUOC PiASC RESISTANCE REACTANCE NAONITLCE SNA~l

M*4z OHM4 OHOMS DCGPCCS O105115
100.000 65141BC -0 -111381011#01 11iI.360t#0 -11.19 1.3113E-QI -Il.MIKlE0a I .Nu'c~t so1 -41-1
Sao-coo 8.065I1C401 *i,S14eE l 9 4a7SEaE0tol *69.IS 5..f61OIC-0I 10''7.1491.01 1~exo M3K*Q "

DATA CARD NO. I. LO I 0 a 0 3.71000to07 0 0. a. 0. 0,
DATA CARD NO. S Fil 0 1 0 0 3 000001.01 0. 0. 0. 0. 0.

*..DATA C ARD NO. SIt 1X 0 5 0 1 000001*00 0. 0.0. 0. 0.
testa DATA CARD NO I X0 T0 '0 -0 -0 0 00..0.0

.... ........... rREQUENCN,. .. .. ..
VREOUCNCY. I 00ooc-0f w...
W~AýELENGTI4. 9.1933t-01 METERS

APRPOXIMATE IN~tORAT ION EMPLONIC FRo SCOMCNTI Moot TH4AN I 0o0 WAVELENOTHS APART

.. . SIAVCTU.jR IMPEDANCt LlQAtINO

LOCATION RCSISTANCE INDUCTANCE CAPACITANCE IMPEDANCE 10*411) C0ONDUTIVItv TYPC
iTAo room t*41.j OHMS HENNYS FARADS REAL IMAOINARY 99401#PITIER

ALL 3.7100C.07 WINE

**ANYENNA ENV IRONMENT
ForEE SPACE

***MATNIX TIMING - -
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FILL- 0.0V SEC., F ACTOR- 0.002% IcC.

--- ANI1*4NA INUT PARAM(ICYH.

I*0 CO. VOLIA09 iVOLIS) CUWAINT IAr1OI I,9IOANCg *0111 0pSIllANc I ,OSI P0b(0
Nal No MAL IPIA0 MAL IPKAG MAL ImAoG 1ACL INAO, lboAIT1I

O 0 1.0000ac~oao.*s.3 -o5geao . 61411.018ft~ S6.W.'.I1-033*.960la-03 3.381h asco

-- *CLOKN?1 AD01 IOC0N . .

DI~tANCIS IN WAVE~LENONS

110, tAO ComA DI uo0. CINIEP Ito. . . CUWASNI IAHP~l .-
NO. NO. x v 2 LtNO7N MCAL IPIAO. MAIA PO4AI

I 0 0. 0. -O.1IM 0,06191% I-.316KO -9.63M1-04 1.61K-OS *S34.730
It 0 0 0. 0. 0,1564. 0.0619". 3.71'411it03 '1.91 -034K S G..6 03 -34.016
3 0 0. 0. -00939 0.0619 1.56911t-al *S6091C-05 46162 -03 -31,161
4 a 0. 0. -0.0311 00.19'. 6.1lIK-03 -1.91611-03 7,6361K-03 -31.U'11
5 0 0. 0900 .06M9' 6.681K-03 -3.67MK-OS 1,61SK-O -3k0.4'
*0 c . 0. 0960.06M9' 5.56911-03 -3.6@UII-03 6,633K-01 -31.1,14
7 0 0. 0. 0 09654 0.06W114 1.7140t-03 -#.WS4C-OS '.366K-OS -34.019
0 0 a. 0. 0.11W 0.0619' 1.064K-03 *11,630116-04 I617-03 -34.730

* -'-PC tqNUUOOT-

PIADIATCO P0IdCRv 8.440O19-03 WATTS
SIRUCTLJAE LOSS& 8.819K-04. WATTS
NEWOft LOSS a 0. WATTS
ercit! vCI~ 73.49 PRC9CNT

0D..ATA CARD OI, I U -0 .0 -0 -o 0. 0. 0 0. 0



NUMERICAL ELtCTROMAOWETICS CODE

COMMENTS..

CXAMFL[ 5. VERT ICAL HALIP WAVELENGTH AMTEN.iA OVER WOUND
EXTENDED THIN WINE kWINIL USE
I. Gvrc RtAAO

8. IMPRFEN7CT ORO" INCLL401NO ONOUND WAVE AND RtOZIVINO
PATTERN CALCULAT IONS

* STUCLI IPCIrICATION

COORDINATES "AST K INPUT IN
METERS ON K SCALED TO METERS
NFORIC STRUJCTURNE INPUT IS ENDED

WiIRE NýOr fINIS? LAP? TAO
NO. VI Yl II xI vs Ii RADIUS KO. KO. SEC. NO

I 0l 0. 300 00 7.00000 0.30000 9 1 1 .0

ORO" PLANE SPECIFIlED.

WHERE WIRE ENOS TM.ICH ORO".RO C URRENT WILL It INTENPOLAICO TO P1301 IN ORO"N PLANE.

TOTAL SEGMENTS USCO. I NO. %tO IN A SYIVM9EIC CELLI 9 SYMMIETRY F446 0

-MULTIPLE WIRE JUNCTIONS *

.JJNCT ION DEOPENTS I- OP END 1. a ram END It
NOWE

* SCOMENIAI ION DATA *

C00010INAEI IN METERG

1# AND I- INDI1CATC fHE IE(-NENTS KPORE AND OVTER III 1(0 COORDINATCS Or $CO. CENTER %to. ORIENTATION ANd0LES WIRE CONNECTION~ DATA TAO
No x 2 I.ENOT14 ALPMtA KTA RADIUS I- I Is NO,

0. It. 1.17719 0.~5555 90,00000 0. 0.30000 0 1 8 -0
8 0 0. 1-83323 0.51'534 20,1'00100 0. 0230000 1 f 3 *0

3 0. 0. 34898g 0.5,,ge 90.Oi)000 a. 0.30000 a 3 .0
.9 0 a. 3.4% 0 $S554 g0 00000 0 0310000 3 4 .0
5 0. a. 4 5000o 0.55556 90.00000 0 0.30000 4 5 6 .0
6 ol a .05556 055556 g0 00000 0 0 20000 5 6 1 -0

5411 al.s 9 SI) 05~ 0-00000 0. 0.30000 4 7 1 .0
6 0u' 0 3 36 .5554 30.00000 0 0.30000 '1 I 0 *0

9 . 0 .78111 0 55156 90.00000 0. 0.30000 1 9 a .0

***DATA CAMD NO. I CK -0 .0 .0 -0 0. 0. 0. 111 0. 0.
I 6DATA CARD NO. 1 IPA -0 1 *o -0 s-00ooooc 1o 0. 0. 0. 0. 0.

"SoDATA' CARD No. I (0 0 o 5 0 l-ODOOE-C00 0. a, 0. 0. 0.
DATA CARD NO. 4 ON 1 .0 .0 .u 0. 0. 0. D. D. 0.

.9 ATA CARD NO. 5 PP 0 10 2 1301 0. 0. i.00000E-0I 9.00000C.01 0. 0.

------------------- -------- -----REotANCY......

!REOLtENCY. 3.00DOC-01 TIIZ
WAVELENGTH-l 9.9933EC*00 PME

T
CRS
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APPROXIMAT[ INTEORATION EMPLOYCD FOR SEGENTS MORE tIH44 1.000 HAVCLCNOG. APART

E EXTENDE T141 TIN WINE KERNEL WILL K UIED

SRUCTIIUC IMPEDANCE LOAOINO - . .

THIS S ICUTC II NOT 0LOADO

S- AN- T0NA tNVION JT ..

M- - .4ATIK 0101 - - .

rILL, 0,049DKC., FACTOR 0.00o SEC.

- ANTENN3A INPUT 0AROTIAISoq

TAG NO. VOLTA0G tVOlI, CURRNT I ,IA1Mr I'IPCOANOCC 0I"1 AOIITTANWC i1DSI POkWER
N1O, 1N. "1CAL IKIAG. REAL ItAO. REAL INAO, RICAL IMAG, 11441,1W.
-0 ioooOO0 .1.lt68f-03-UN63-0. ,014316(01 lH6&4WO0 1. 3141C-0l-.t$IN3 K 04 4373 ItI-.0 1

CWWNIS AND LOCAIION -

DISTANCEI IN WAVCLEWOTNI

SC0. TAG COOO. Or (0. ¢CNTtM lG0 ... - •N? .14PhN I -
NO. No, A Y 2 LENOTH REAL IMAO, MAGI PHASE"-0 0. 0. 0.8117 0,01609 8,3MK-l03 -"II E0I&C0 33,9I6-03 -101.673

• 0 0. 0, 0,1131 0,SIfl 0,51 W-03 -441011 -03 I.934IC-03 437,1014
3 *0 0. 0o 033311 0,011511 1,401'4-03 -4."1,K-I-0 .81 WE-03 - 31.101
4 *C 0. 0, 0,3941 0.00006 1.7061C-03 *-,P30014 l.361-03 -88.877"S 0. 0. 0,41503 6,0"ll l,,|14l.K-03 "I. -0@ .304i-03 "-,1-1"-* 0, 0. 0,1061 0.03Ill 1.00o4O-03 -".Mit-091 . 1734t-01 -11, N I
7 -0 0. 0. 0OMil 0,0*153 t.UUU-03 -4,UK-0 N 0 ,IIA1K-03 "30,114"* -0 D. 0. 0,6171 0,0 59 %,"M. -03 -4 ,1394i-03 7.3032%-02 -3S.319

' . 0. 0a 0,677 0,0 | 1,ilh3[IK-03 -,1.0041"-1 4,t40•K-03 -3,1,08

. .. POWER llQOCT - -.-

INPT? POWER - 4.5673-03 WATTS
PAOI*T[f POWER. 4 6573-03 WATTS
1TRUCT¶IUR LOS1. U. WATTS
NETWO7f LOSS a 0. WATTS
Erricli•Ncy 100.-0 PERCENT

- - - RADIATION PATTERNS .

" ANGLES - - POWER OAINS - . .. POLARIZATION ............ [. ItAl ....... . tl -.-
THETA PHI YEN?. HOP, TOTAL AXIAL \ILY SENSE MAOGNITUDE PHASE MAGNITIUOt PH4ASE

OtORCrS ODGREES 00 03 D RIlO X00. VOLts, DEOGiRS vOLTliM OCXONCE
0o o0 -699.99 -99,99* -M.99 0. 0. C. 0, 0' 0,

10.00 0. -0,17 -Mg,99 -,.07 0. c, LINEAR I.$11640E-0I -114.3 0 0.
90.00 o. -4,81 -3". 99 -%.lf 0. 0. LINEAR 345601-Oal -I I i. , 0.0.
30.00 o. -110 -M.99.9 -1.0 0. 0, LINEAR 4.343'17E-01 -115.01 0. 0.
40 00 0. -L14 -999'M -1.14 0. 0. LINEAR 4.336,E-0l -115.37 0. 0,
50.00 0. -6.73 -M.99 -6,13 0. 0. LINEAR 8. 4,350K-0I1 -115.33 0. 0.
.ý 00 0. -10,04 -999. -10.04 0, 0. LINEAR I.M30IE-Ol 61.6? 0. 0."10,00 0. ,67 -9•9 .3 Pp. 87 0. 0. LINEAR I. Its39 -0i i .56 0. 0
0.1000 0. '710 -9".9 '1.-0 D. 0 LINAIAR I.81101C.00 U.61 0. 0
'7000 0. ,51-999 .99 .,s1 0. 0 LINEAR? I,40067C*00 68.%I 0. 0.
C. 90100 -2 9 " -59 ,99 -639.9 0. 0. 0. D .

I0.00 90 00 -9 37 -1119.39 -2.17 0, 0 LINEAR 1.61640C01 -114.36 0, 0
e0.00 30.00 -4.,1 -9.99 -4.81 0. 0 LINEAR 3.61s0l-0i -114,4 (1. 0
30.00 00.00 -1.70 -99m "d -1.70 0. 0. LIN E4R 4.34377E-0 1 -11 5.01 0. 0
40.O0 ' 0.00 " 74 -" .gg.vg -I "'. 0, 0. LI04 IA 4,38264E-Ol ., 115.1v 0. 0.
50.00 D o000 -6 73 -990.29 -6.73 0. 0. LINE•A, ,.43503C-01 -115.33 0. 0.
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*o.00 90.00 -10.04 -999.99 -10.04 0 0. LINEAR iMS63iC-ol MI07 0 alp o
70.00 10.00 v.67 -999-9 t 67 f). 0. L I NCP I. IS9IXCOI Go."0 0. 0
doloo 90.00 7.10 -919996 7.80 0. 0. LINEAR I.11I0Icloo 41.51 0. 0
90.00 10.00 s st -got go 6.15? 0. LINCAR 1.4091t7.00 sr,41 0 0.

AvCNAOC PO9WN OAINv 1.087940.00 SOL 10 ANOL C Ul40 1 N AVIPAOI WO a 0,90000,1'0 lQ1NACIAN9

*NORMAL I ItoCAIN.

VIRYICA). OA:N
NWMALIZA7 ION IPACTOP 0.6 1

* ANOSCC C AIN -*ANOI.10 GAIN GA. ASI IN
1141A PHI 06 tC(A PIN I W A: P941

Iousegi MGM$c Otoltcs OoOKU .0041110 COW$I
a, 0, *I006,11 70,00 .0. .I'0 0.0 -. 1
10.00 0. 1.30 2se-c.c 0. .1.2* %60@ 9.00 156 it-of

30-00 . , *l0 0.0 to 0. 010, 1001.0 36

40,00 4. .0 0 60.00 -oa *Iei p0000 '"o004 *I.M
50.04 0;1S6 0,00 .00 ý00 -10.73 A00 96,00 0

so * 0, -si 0.00 . 0.00 -01

t oo# AVA CAR~ O W ON -0 .0 .0 -0 6,0000096.00 I 090001-03 0, 0. 0. 0.
$a# AVA CARD 9NO. 7 OP 0 10 9 1301 0, 0. 100000940I I.00000cooI 0. 0

..SNUCTIMK IMPCOANCI LOADING

19415 STPICTI.RC It NO? LOAXOC

.- AN?1t#dA CNVISON4C?
PINI?t GROUND, RIELECICJN COUMICIIIP? APPIROXIKATION

RICLATIVIC bICLICPIC CONIT-6 6.000
COMNi.C~li~ OICLICNIC COSA9K OMMM .0-.10t

*MAINIX YIMINO-

rILL' 0 M'3 SCC rACTOR. 0.003 WI

-ANTENNA INPUT? PARAME TERS .-

?AO sto VOLTAGE iVOLIS, CURRENT IAMPSl IMPEDANCE lOH1I AOMI?¶ANC,' IM4OBI POMR
No NO. NEAL HAO REAL ImAo REAL. MAO PICAL IMAO. IwAltll

.0 5 .00000C.00 0 8 01iOE-03-8 9?091t-04 1,11ul7C.0l 1.1001!t*01 8.9110K -03-I.U61OW-94 4.0111104-03

...CURRENTS ANU LOCAT ION...

DISTANCE% IN IWAVELCNOTM5

%to VAG cowpc. or %c cwt to -flt .c CIAt~NCN a1AMi . .
NO. NO. N v LENGTH4 REAL IMAO MAGI PI4A11

. 0 0 0. O.Wg7 0.0%5S9 1.6791&-03 4A.9719-03 3.9199-02 -41.107

.0 0. 0. 0.0135 0 01119 5.4114t-02 -4. 1 n94(03 6.441,1-03 -17.1&6
3 -0 0. 0. 0,3301 0.01559 1,P7891-03 -4 6127C-02 049129)-03 -W964%
4 0. 0. 0.3947 0.00519 1.4199K -03 -3.7Mt3-01 94*IOC-03 -14.117
5 0 0. 0 0,4503 0.05559 S 91801-03 -9.PS9C-0 . 95517t-03 -1.6MW

6 -0 0 0. 0 5012 0.01159 0.0170(-03 -2.001VA-OS 1.396SK-03 -13.99 1
.0- 0. 0. 0.56)1 0.01159 .487 X -03 -4 .611361-03 5.7*07t-03 - 31, in

.1 -0 a. 0. 0.6171 0.05M1 5.01t4 X- 03 -4.N019t-03 7.09006t-03 -2X. 994
9 -0 0. 0. 0.6?7i' 0 01119 3 0094C-03 -1-6111 X-03 3.904K1-03 -42-6111



INPUT P"RE a 4.4"K-01-0 WAIT%
RADIATED pawme 4.A.WOI-03 WAIT%
STPAIL.K LONG- Q. WAITs
4t1WORK LOIS 0 0. 4,011

. . . RADIATION PATTIRN --

-ANlOL91 POS(PGAINS - -*-POLARIZATION . . . - CITH91AI . 1P411 -

?NITA P441 WRY NOR. TOTAL AXIAl TILT SINI NIAOMI YWOC WAN MAONIITAX PHAUI
OIOmII OtaII Ol Do Do PATI 010CC VOOSIIH U116 cs 'S/N 010M1M5

0. *, *mu.. -mo -0111,11 a.. 0. 0. 0.
go0.0 1*, -10.81 -001W -18-8 0. 0. L1(tAP 1,171.7e-)il -6P11470 0. 0
ROA0D 0. *?.10 .4601.011 -1.16 0. 0, WLItAP I "1K-I *IN.OI a.
$0. 00 0. 04.7 :W"0 -9W.4 0. 0. LIWCAR 01U1= 016I 70 0, 0.
40.00 0. -0.70 -104.0 *- 70.4 0. 0. LINIAo 41.,70C-0l -153-.0 0. 0
70.00, 0 01,01 -m. of 10.". a. 0 LINIAR 4,1110401-0 141.07 0, 01
u0.n. 0. 6l." 4"~,ce 0.64 . 0. WRA aia~ Ile.aw- 110.31 0, 0y.
0.000 0. -0611% -1"." *0.6 0. 0. INA S.I&M6-01 710K1 0, 0.
0, 0.00 0i 3590, " A."g g -60061110 0. 0 . mot 01,-8 0. 0.

90.00 90.00 -11.1 00S6."O -1190 0 0. LINtAR 1. 1747K401I -191.70 0. 0.
".,00 60.00 -7,16 -06. of -'0.10 4. 0. LINtA* 1.911.O-1 - 11*l0.91 0. 0.
30.00 90.00 -4.4.7 -00W. 41.41 0. 0. LINIAA 3.007K-0: -127.31 0. 0.
10.000 90000 -3.16 *999.9111- 2,3.4 0. 0. LINIAP 3.14197it-Cl 10211,. V. 0.
50.00 Wc0.00 4 -l. "W -1W. W4 0. 0. LINIAA 2.6.11M -4I 117.01 0. 0.
60.00 90.00 -0,111 -St." -0,19 0. 0. 6INtAP 1.,7IMC021. 14.906 a. 0.
70,00 90000 I 1.6 -WOK" I1. 0. 0. I.INIIAR 6.IUSSC-oI 110.31 0. 0.
80100 90.00 0164 ""1. " 1 0,4 Q 0. L I WAR 1.0641.7-01 110.1.1 0. 0.
00,00 60.00 .W011 -000 K. -090-41 00. l, .11164.R11 -79#," 0. a

AVIRAOt PgIWR GAINs 7,9070it-0I SOLIO ANGLE .1600 IN AVCRAGINOUI 0.1000141101 ITCRAOIAN10

. . . . NORIIAL1lIO GAIN . . -

VERTICAL GAIN
NORMALIZATION FACTON s 1.110of

**ANGLEs C AIN - - ANGLE * GAIN - ANGLES GAIN
tKTA PI Do VNEIA PWI Do INITA Iw Do

MGM%11 KaEmcI 010016 01:001(6 NOW11 0100110
a 0. -1001.15 70,00 0. 0, 40.0,0 90.00 -4.0NO

10.oo 0. -11413000 D. -0coo 00,00 90,00 -4.41
10.00 0, -69 0.00 0. -1001.13 60.00 90.00 -1.53
10.00 0. Sl 0. 60.00 -1001.13 70.00 00.00 0.
40.00 a. -. 010.00 00.00 -1,100.00 90.00 -0.90
s" . ..4 000.00 -61 0,00 00.00 -011
60.00 0. -1 33 so 00 t0 00 -6.01

641 ATA CAMO NO I PPIN I -0 1.000c01*00 0.9 00C00..OOC'l .

. ADIAICO rItLOS NEAR GOMML -

LOCATION -- - glIIhEA) . . - - 010T411 - -IIAOIAA.I
me Pw 2 MAO PHAK MAO PP4AK MAO PWAIE

Me I101 KOCRcts my(ts VOLT/NI Otafcl VOLTS/N of.REEs YOLISI TV 100115
100000.00 0. 1.00 #.JIM1-01 141.90 0.a 0, O.0w.1.-lo "66.40
10o00o.co 0. 1.00 1. Iuic-0u 154.43 al 0. S61 -m4c10i -4.6.46
100000.00 0. S.00 3.261.2-06 -119.80 0. 0. 8.5sm-gO -1.6,46
100000400 0. 7.00 4 - ISK -09 -160.66 0. 0. a o IM-1K-t -461.46
100000100 0. 6.00 0,-01.611-09 I" -16.1 0. 0. 1 Wa 01O -46,4,7
10000040 0. 11.00 I-loc-om -151.06 0l 0. 0, WW 10~ -146,47
100000.00 0. 12.00 6.95501-02 -154.61 0.ý 0. 1 "an'.10O -44.0.1.
100000.00 0. 11.00 7.11149K-02 -I W. 00 0, 0. 8,51771-10 -46,1.6
100000.00 0. 17.00 111W.W.C-04 -150.03 D. 0. *@-S1W -l0 .46.5c
100000.00 0. WOO0 9-951 It-09 -146.11 o, 0. O.,6610-a -61
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*SSDATA CARD No. 2 Cx 1 10 a *0001..000001001 0. 0.**DATA CARD No. 10 PT e 0 5 10 0. 0. 0. a..*..DATA CARD NO. 11 00 -0 .0 -0 -0 0. 0. 0. 0. 0. 0

RECLIVING PATTERN PARAMETERS . . 0
CTAS 0. 0101113
TYPE -LIN.EAR
AXIAL RATlO@-0,

vl(TA PHI CUl1NY - Ko
101.91 l011 4AGN I ?UK PHAK No.
a. 0. 0. a.1

10.00 a. 6.130K-03 -34,61

30.a0 0. 1.121K.01 -47,30

60.00 0. Il.106I1.0 -6,17.
60.00 0. 1.96%K-01 -ff. It
60.00 0. 11 .4I6K 0 -187.04

7000 0. 3.14 A0. -14.63 011

NORM612A Rt~tVll PATR . . .
0(0 003 OMMA18 AON IIJCO
0. 0,0.-Otanc0.

30.0 0. '.091A 0.0I-I
60.00 a. -14,41 I.K6)1S-0I
30.00 0. 1.331 6.501i76t.
70.00 0. 01.00 SA00001.0

60.00 0. -auc s todo~ a

90.00 0. *0.U 4.31lit-11

D00 ATA CARO NO. it NX -0 *0 * 0 0. 0. 0. 0 .a



* 000 o SiÙ 056o IbeOO o *B*0 oS OSS . 56eO 001000

ONURICAL ELECTROMAGNETIC$ COOD

0 #&o lot of$ SaOC0 **logo Go* $05 6600 0t0 of

..... C0MNTS ... .

C94AMPt. 4. 1 ANTENNA ON A ION OVER PERFECT 000"l

- - STRUCTURE SCCIrICATIGN - - -

COORDINATES IPSAT K INlPUT IN
MITERS OR K SCALM TO MCT1Nl
KIM s1NC"TUi INPVJ II ENOCD

MINE NO, 0 FIRST LAST A•A
NO. xI Y1 X1 YyR zi RADIUS 110. 10 Ka0 NO.

IP 0.10000 0.05000 0,01000 0, 0, 0.01000
v 00000 0.10000 001000 0. 10100000 0.01000

STRUCTURE nRELECTED ALONG H4 AXIS X V. *TAGS INCRCMINMC IBY -0
9P . 6, 0,10000 0,00000 0. 0.04000
1 0. 0. 0.10000 0. 0. 0,30000 0,00100 4 4 4
1 0. 0. 0,30000 0511000 0. 0,30000 0,00o00 1 0 a
1 0 0, 0,30000 .0-1000 0. 0.30000 0.00100 1 1 6 2

OCR0D" PLANE gpcIrito,

ICRI IIR 1Mt TOUCH 1 ORO"C, CURRENT WILL K ININRPOLATOD 10 IMAGC IN R01JN0 PL.ANE,

tOtAl. ICCOMIS UKDO I NO 100,. IN A SYl'PVNIC CILL. I SY1IOIRY rLAGs 0
TOTAL PATCICS USED. it NO, PATCIHS IN A SYlMYMTRC CCLLG Ii

* MULIPLE I•NR .• UNCTIONS •
JUNCTION KIO NTS I- roR ENO I, * rOti END 11

I 4 -1 -7

*.... KOOIINTAT ION DATA ....

COORDINATES IN ETIC1R

It ANO I- INOICAIT iTH SECGENTS KFOR AND AFTER I

$CO, COOft1N[AS or 11O. CENTER s110 ORICNTAYION ANGLES MWIR CONNECTION DATA lAG
NO. x v 2 LMGOIN ALPHA KI7A RAOIUS I- I If NO,

I o. 0. o.tIioo 0.0000 90 .00000 o. 0,00100 i0001 I I
.0, 0. 01,00o 0 0S000 90.00000 0. 0.00100 1 1 2 1

2 0. 0. 0.11101o 010oO00 s0.00000 0. 0.00100 1 3 4 1
4 0 O 0.7s"c 01•0000 oo.00000 0 0.00100 2 4 S
5 0.03750 0. 0.30000 0,0o100 0, 0. 0.00100 .- 1 s 1
a o,0i 0 .iO 0,30000 O.07100 0. 0. 0,00100 5 6 0 a
7 -0.03750 0. 0,30000 0,070•0 0 1O,000000 0.00100 4 7 I 3
s -0a. Ina o. 0.30000 0.071100 0. 190100000 0.00100 1 1 0 3

- S-•LACE PAICi4 DATA - - -

COONOINAT[1 IN METERS

PATCH COORO. Or PAICH CENTER UNIT NORMAL VIECTOR PATCH C0PONENT Or UNIT? TANOCPT VECTORS
NO. x y z x 2 2 AREIA Xi yI 21 Xl yi ai

1 0.10000 0,01000 0.05000 1.0000 0. 0. 0.01000 -0, 1.0000 0. 0. 0. .0000
1 0.01000 0.1o000 0.01000 -0.0000 1,0000 0. 0.01000 -1.0000 -0.0000 0. 0. 0, .0000
3 0.10000 -0.09000 0,01000 1.0000 0. 0. 0.010O0 40, -1.0000 0. 0, -0, .0000
4 0.01000 -0.1000 0.09000 -0.0000 -1,0000 0. 0.01000 -1.0000 0.0000 0. 0. -0. 1.0000
5 -0.10000 0.01000 0.06000 -1,0000 0. 0. O.0000 0. 1.0000 0. -0. 0. .0000
I -0.01000 0.10000 0.01000 0.0000 1.0000 0. 0.01000 1.0000 -0.0000 0. -0. 0. I 0000

-0.01000 *0,0000 0.000000000 "1.0000 0. 0.01000 0,00 -0,0000 0. -0. -0. 1.0000
ai -0.10000 0.0 00 000 0.0000 -t 0000 0. 0. 0,01 1.0000 0.0000 0. -0. -0. 1.0000
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1 0,01000 0.05000 0,10000 0. a. 1.0000 01cio00 110000 0. 0. 0. 110000 a.
10 -0,01000 0.05000 0.10000 0. 0. 110000 0.01000 1,0000 0. 0. 01 1.0000 o.
il -0.01000 -0.05000 0.10000 0. 0. 1.0000 0.01000 1.0000 a. 0. 0. 1.0000 0.
it 0,01000 -0,01000 0,10000 0. 0. 1.0000 0.01000 1:0000 0. 0. 0, 1.0000 0.

DO~ ATA CARD NO I ON 1 .0 *0 *0 0. .0.0 0. 0.
D6* ATA CARD NO I tV -0 1 1 *0 1,000009000 0. 0. 0.0. 0.

asset WAA CARD NO. 3 RP -0 10 4 1001 0. 0. I.00000900l 1.00000(ct0 a. 0

. . ~ ~ . . . .rtXC

WAVCL(N07IWO .- 0Oool'o 193011

AIPPROXIMA?1 INTILOAAION (pqPI.YtO FOR 1109CNTS MONI TMA4 1,000 WAVCLCMO?Wl APAP?

SYRTUCtUKC INPIDANCI LOADING

?M4IS %?NUCIP It NOT LOAKOC

*'ANTIENNA KNVIRNM4CNY .

PcmrcCy O~mm

... 19 M TRIXMIND

PILL. 0. 131 SEC, IFACTORS 0.03111 tC.

-* ANTIEANA INPUT PARAADtIR%

TAG KO, VOLTAOC 1401.711 CLEKNYI APPI IMP10ANCC ION")1 AC'IItTANCC P14011 POAC
NO. NO. REAL IMAO. MEAL IMAO. NEAL IMAG. At Al. IMAO. IWATTII

i.0000.000.l.IUOIE.0,11,11P.?E.03 I1,0117E.Ol 1,1711114#1. 1.11031.K03-1.71947t-03 1.InO4E-03

- CLINNIS NDI*4 LOCATION . .

OISTANCES IN WAYELIENOTI4

KO. TAO COORO. Or 1(0. C[NTEN1 KO. * CLNNIENT 1MPll . . .
NO. NO. 94 v z LtN07. NEAL IMAO, 94MAO. PHASIC

I 1 0. 0. 0.1850 0.01000 1.1011[-03 *tf7l1E*03Q 3,934K-03 -110,1116
R1I 0. 0. 0. 1750 0.9%000 1 1301K-03 -3.436111S-03 4. 14 IN -03 -17.403
3 1 0. 0. 0.8100 0,09000 1.1INEU-03 -3.905K -03 4 414K3-03 -11103f
4 I 01 0. 0.1710 0,06000 11081K5.03 -S. MR-03 4 .3311K03 48.100
5 1 01037 ol 0.3000 0.07900 8.,13$K-04 *I.611101CE-03 I '3111-03 M.31.36
aIT1 0-1111 0. 0.3000 0,07100 3,1l061-04 -6. 4fl0C-04 7. 'N44X-04 -SI3S@04
1 3 -0,0371 0. 0.3000 0.07300 1. 1 SIK-04 -1IlGOE-03 I.761SM03 -61.113111
a 1 -0. 1 in 0. 0.3000 001500 31.811-04- -6.41110t-04 7 2.4K-04 4113-111"



SW 1~ACC PATCH4 CiAftP4I . . -

0I11ANCl IN W.AV1LtNO1I4
CLOACNI IN A1911991?IN

-1UAf A C0P0"N?6 - *- ICANM0A* COI9OPiNII .-
PATCH CENTER YANOINt vWRco I WANOIN? VICTOR 1 0 V I

I I RAO. PWAII MAC) PH4ASE RIAL IMAC. "CAL I94A0. REAL IMAO

0,110 0.010 0.05 )JOISIC-03 IlKA 0.40K6-03 '111.71 0, 01 .4.111-04 1.1111C-03 -3-SOC-O1 -7.917-03

0.010 0.100 0.040 I.1~01114 *6'l.21 6.14349-03 -116.17 -4.14U-04. 1. IK-03 1111l .119-11% -3,619-03 -7,379-03
3

0.100 -. SO0.010 ol AINc-oa 11.0 1.40%Kuc03 -119.7% a. 0. 4.111-0'. -1. IK-03 -3.6K1-031 *1,57t-03

-0.000 60100 0.010 1IROIK-01 -60.11 0.14141-03 -116,97 *4.4ft-04 -. IK1-03 -8.7C10 -1711-11 -3,11K-03 -7.37C-03

-0.100 -0.050 0,010 1.10111-011 Il1,41 8.40ilt-03 -116.71 0. a.- 4.01[-04 . IlK-03 -36$-03 -7,1.1-03

-0,010 -0,100 0.060 1.101SC-03 -M60 .81043144.211-116.7 4.,4K-04 -I.lK-Cl .1.17t-lS 1,711-11% -3.6111-03 -1,371-03

.0, 00 '0.010 0.0100 1.10991-02 11l7 6.'.OiK-03 -11.71 0#%-0 . 4K-0 4.18-04G. -0 111 01 -3 1 03.-,7.0

-.0010 -0.000 0.0100 6.lOIW-03 -60,11 5.7143i-103 -111,10 4,49.04 -6.4K1-03 1.17-021-6.#K-1 2.-01 *l3.-0
It

-060S -0,000 0,100 6.611WC-02 111.l 6,1717'.-03 -li.1 31,W -03 .6.4K1-03 *lAl1-03 1.111-03 0. a,

1wP~ PCw" a I .11,11C010 WlATTS
RADIAtID POWICNa 1,1110C-02 WATTS
STMILCIAt LOW1 0. WATTS
9(WNW 01SS 0. WATTS
CrIFICI1PN a 100.00 PIACINT

. RADIATION PA71EFM .4 . .

-ANGLESI - - -OK O0C AINS - - - 100ARIZ2ATION .- -- .INII.......I~I . *

THETA PHIi YIRT, HOP. TOTAL AXIAL. TILT SENSE MAONIYI.1C PWA1 MAONIOWI PH4ASE
0OEM11 D101111 Do Do 09 RAT IO 00.- VOLTSOM 010MS1 VOI.IM 0101101
0. 0. -91#1.11 -69190St" -919 0. 0. 6.V807%t-Il -0`7 74 1,4111`9t-16 146 3I
10.00 0. -13.16 -9101.09 -13.79 0 00000 -0.00 LINEAM 9 33%7l1-Ol -1.11 1.196K-19I 164.10
10.00 0. -1.12 -996.6.9 -1.13 0.00000 -0.00 LINEAR 1 .0930 -0I1 -1.62 # ,1040111t-I 167.9ý1
10.00 0. -3.71 -69991 99 3.71 0.00000 -0.00 L INEAR I1,9617t-01 -1-91 3.1713K -IS -176.41
'.o-00 Q. -0.90 -999.99 '0.90 0.00000 "0.00 LINEAR 1.34570E-01 0.01 1,7449it1-6 ISO .4
10.00 0. I111 -199.99 1.11 0.00000 -0.00 1. INCAR 3,0147IC-01 R.61 1.60401- 16 1SIN0
60.00 0. 8.94 .699.99 1.94 0.00000 -0.00 L INEAR 1.65093t.01 15.1 7,3634K1-I17 111.69
70.00 0. 4.11 *991.92 4.11 0.00000 -0.00 LI1NKAM 4. ISIU-01 6,79 1.64 651K- I a 1I I -o
80.00 0. 4.03 -299.99 4.92 0.00000 -0.00 L INEAR 4.1Sul IC-0l 7.30 8.I1603t-Il 110 00
90.00 0. 1.07 -2999Is 5.07 0. 0. L INEAIR 4.1621160-0l 113 0. 0.
0. 20.00 -699.99 -699.99 .999.16 0. 0. 11164040C-IIs -99.033 3. 40410K-15 94.18
10.00 30.00 -14.01 -27.94 -14,00 0.03728 -2,00 MtOH7 11 90641-Cl -8.72 3,33671K-03 -153.15
10.00 20.00 -7.78 -31.10 -.7,7 0 ,03466 '3,01 RI01.4 I.ioincc-0i -6.67 6 1690761-C -113 1
20.00 20.00 .92 -0.1.2 -23.9 0.03041 -9.96 1110641 1.1456i1-al -3.751 .11400c -03 -153.15
40.00 20.00 -. 10 -ft.230 -1.07 0.011171 -1.71 0110*41 1.1197t.1-C -0.M6 I 1.111017t-Of -153.15
50400 20.00 1I'l -1n.24 1.16 0.01207 -1.47 RIGHTl I l 111116K-0 l 1.41 1.407611I-01 -152.15
60.00 20.00 #.Be -15.11o9 @1. 0,01411 -0.01 MIGHT4 3. O1173tO1-C 4.9 1. 3671K -O '1-153.I1
170.00 20.00 4t,Do -17.10 4.09O 0.00907 -I.48 110*41 4.111211.01 6.61 1.0166K-Cl -113.11
so 1)0 20.00 4.62 -31.11% 4.32 010044e -0.73 1111014 4.53467t-01 17.77 .Ili 311 -03 -151-1.
90.00 30.00 5107 -919.99 1.07 0.00000 0.00 LINEAR 4,16119M-Cl 1 .13 1.96191- 13 36.99
0. 6o.oo -m "1 -61.92 -m 91.6 0. 0. 2.3361'.C-l -91.71 S. 104191-I 1 11.90
10.00 60.00 -14.14 -27.13 -14 Il 0.04131 -3 09 R104-l 4,677191-01 -11.22 31241 M1-03 -112.1t
10.00 60.00 - 3.9 -1.711 -1.16 0.03909 -3.1 4101041 1.00217t-Cl -9.011 1.1111041:- 03 121
20.00 60.00 -4.2134 -10.19 -4.37 0.03..09 -2.06 R14ITH I.070G01-GI -1.s9 1.00184t-Cl -153 14
40.00 10.00 -1.48 -ft.1Is -1.44 0.01747 -1. W RIH 11044 llOMl-CI -1 ." I.lgORK-0l -1%3.19
10.00 60.00 O0. M1 11,114 0.66 Q020130 -1.19 RIGHt 1,1760Kt-Cl 1.57 1.43661-0f -193.10
60.00 60.00 9.09i -n'.2 St 8.70 0.01508 -1.10 RIGHT ,1411Kbu-Cl 4.41 1.4051K9-01 0 -16I.I
70 10 60.001 4,11 -11,1 1401 0,01195 -. 1 0 IGHT 4,.11661-1Cl0 6.46 l131 U4 1-01 -153.11
s0 00 60.00 4 11 -3216l 4.11 0,00459 -0.76 P101.1 4 1111K-01 7.72 6.346111-03 -15311t
9o 00 60.00 1 as -919 99 6.09 0.00000 0.00 LINEAR 4.66741E-01 1.13 l.92l101-lJ et.79
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0. 10.00 .0. 0o -094. " -009.00 0. 0. 1,4,I.7I-IS I4I,31 6.7607K-1I U-10
10.00 W0.00 -.1.01 0.9109, -14. 1 0.00000 0.00 LINEAR 4,719tg -01 -18.71 4•,94K0t-14 313,7
10.00 90.00 -.111, -209.t -@,.4 0.00000 0.00 LINN 9,7387-01 -ot10.11 8,1.471K.14 10.77
30.00 9o.o0 -4. s -999.99 -4.6 cocooo 0.00 LINEAR 1.61011-001 -"i,0 1.8331X1- I)1 1046
'.0.00 00.00 -1.65 -09929, -1.65 0.00000 0.00 LINNEAR , ISg06-01 -#.61 I .94630C-13 19g07
SoI00 0.00 0. V -000.g 0.71 0.00000 0.00 LINEAR I,711711-01 I'll I ,I7%M -13 as,71
60,00 30.00 1.60 -0I0. ole0 0.00000 0.00 l NEAR .106l19-01 4 117 1.71411.C-13 tbo
70.00 o0.00 3.19 -999, 3.91116 0.00000 0.00 LINIAR 1.01 79-01 On I SUK -. 13 "In
00.00 00.0 00 -19919011 4.0 00001H 0 0.00 LINEAR 14.01,ll0 -01 7.70 ,791113u1t .1 Is

0.,00 0.00 10.00 -991,01 .01 0.00000 -0.00 L-IN EAR l4 174. 1-01 .,1 . 78,7•11. -lI I 1l.t9

AVINAGIC PMI GAIN. l.701101.00 SOf ID ANOGLIC 10 IN AYICRAINO.I 0,000019i1P SIIRAIAN1 ,

6*0*6 DATA CARO NO. 1. IN -0 .0 -0 -0 0. 0. 0. 0. 0, 0.

KIN tIIE P 1,310

0
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EXAMPLE 5, LOG-PERIODIC ANTENNA

Example 5 is a practical log-periodic antenna with 12 elements. Input

data for the transmission line sections is printed it the table "Network Data."

The table "Structure Excitation Data at Network Connection Points" contaills the

voltage, current, impedance, admittance, and power in each segment to which

transmission lines or networks connect. This segmnt current will differ from

the current into the connected transmission line if there are other transmission

lines, network ports, or a voltage source providing alternate current paths.

Thus, the current printed here for sepent 3 differs from that in the table

antenna "Input Parameter.," The latter ie the current through the voltage 2

iource and includes the current into the segment and into the transmission line.

Power litted in the network-connection table is the power being fed into the

segmenL. A negative power indicates that the structure is feeding power into

the network or transmission linoe.

With 78 aepmonts, file storage must be used for the interaction matrix,

The line after data card number 14 shows how the matrix has been divided into

blocks for transfer between core and the files. The line "'C TDIE'TAKZN FOR

FACTORIZATION," gives the amount of central processor time used to factor the

matrix excluding time spent transferring data between core and the files.

Hence it is less than the total time for factoring printed below.

The EX card option has been used t'o print the relative asymmetry of the

driving-point admittance matrix. The driving-point admittance matrix is the

matrix of self and mutual admittances of segments connected to transmission

lines, network ports, or voltase sources and should be symetric,

-115-



Example 5 Input

OM It L1NCH LOG PCNtCOIDC AN?1P44 IN MtC IPACI.

0" is ISI(NTI. 1lflM0"OL, 11C4IlVINA Am 1MAN. 11101cmd.
CH DINXOLtN~iit to DIAOItR MAtIO. 110,
99 VAI64.03, SIl0IOA70. UWM I1*0ANCUSSO. Oft.,
Ow I 1 0. -1. 0. 0 1. 0. 0,00047
ON I t -.7W1 -11713 a. -,76117 1.107s 0. .00717
ON 3 1 .,, se i1. to .0 -1.111W iu. It a. 0
IN 4 1 ,14W3 -41131 0. .1.1111 1.14111 0. MMn
ow s 7i :SIM74 * 1.3 0. 4.3"% 1. 33" 0. .001119
ON 5 7 -4,371 -114VN 0, -4,3741 14437 0. Sloo

am 6 7 -6.116 01,611119 0. .1.1114 1:6619 0. 101106
ON 0 7 .7,67"01.-717 0. -7,9701 1.737 0. .01101
*WN 10 7 '111.1011 -13116 0, -6.1113 6 0. 101"11
OW 11 1 0-m'Ifi *111, O .0, .1,66 1.0061 0. .01377
ow 1# 0 011,4171 .1".8117 0. -18.1171 1.1117 0. .01481

IL I 1 1 3 -10.
TL 1 1 3 1 -10,
TL 1 1 4 1 -SO,
fl, 4 1 1 3 40W
TL S 1 6 4 -90,
V1. a 16 7 '4 4a0.
TL 7 #4 9 %4 s.1
TL 11 %4 I It .90
TL 0 4 10 '4 -SO.
TL IS '4 iI 0 -SO.
TI. It $ it I -So,.0

Ix 1 to 1
RP 37 111 MR 0.o 0. .1. 0.
9N



Example 5 Output

NUMMCAL gLVGI 0PlIMA TICS C00D

- COP 11NTI -* -

it iLI'INT L.0 PKPIODIC ANTENIN IN 7R1C ISPACE
76 lCEONT?. SIO1A"IL RECiIVING ANo ?NANS, PATTIENS.

DIPOLE LENGTH TO OIAt'ICR RATIOsiO0,
IAU.0,1l3. SII!.A"0,7, W) ItP'OANCIHO, 0a1n,1.

-- -sPP!T.I*IPeCtriCAIION * -

M000INATIC KI11T? K INPUT IN
IICRS O K ISCAL0 10 TOET RSWOR0E |ITRIC?!,I. INPUT? 1I ([OW

WIK NO, Or rIN? LAST TAG
NO, 9I V1 i1 X8l V8 it PAID IA, 1S0, MO, o lO. No.

I 0, 1,00000 0. 0. 11a00a0, a. 000411,o11r * I I
*I .0. 710?0 -1.07130 0. -0.71170 1i,0130 0. 0100711 0 6 to I
3 -1.tWOO -1i, IaE 0, -1.611100 1 ,10610 0. 0,00111 s 11 is 3

• 1.411130 -1,14310 a, -.,43130 ll#310 0, 0. 001" I is 4
1 *3.3i6O1 -lI110 . 3.30100 ,316I0 0. 0.00111 0 II V I
* -*.,37O .4I.43740 0. *4.37410 1.434• 0. 0. 00010 ? o u It
S-,-41680 *l,14110 0. -1i,1Mo0 1.160 0. 0.01030 13 311 1
1 -sIsI1o -1.6190 0, -11,6I 0 I.,1110 a, 0.01106 7 40 44 I
3 .+,17o10 -1,71700 0. -1.,7050 1.71700 0. 0a0t IsI 7 41? % 1
t0 .1,1IIM" .1I ,ISo 0, -1,11560 1 11110 0. 0.01111 7 34 s0 1o
II -,10.1Il10 -,11u6om a. *10,4110 1.0Demo a, 0,01377 6 C: of I
II .ll.11710 -1.11170 0. *II,1010 1491170 0. 0.01481 9 70 71 1I

TPIAL K01 •UO PTI4uo. Ww 1 NO, W0. IN A SYMMETRlC CELL' 71 IYMMthY FLAOv 0

- MUA'rlPLE. WIRE .AJ.rIONS -
JJ4 I IN ICOMNTS I- Or0 (NO 1. 6 MRl END 81

.... K0. WNTATION DATA .A.T . .

C00010 INATE IN tf'IRS

I* ANo I- INDICATE THE iO1EN7I WIORE AND ArI'r1 I

1(G. COOINAICS or s1(, CENTER SEG. ORIINTATIO. ANGlES HIRE COCNION DATA TAG
NO. Y v LCH.OT1 ALPHA KTA RACI us Il- I Is NO.

I 0 .80,000€ a. 0,40000 0. 9,.00000 0.0P067 0 I 1 I
1 o, -0.40000 0, 0.40000 U. 90,00000 0.0007 I a I
3 0. 0,00000 .0. 0,40000 0. 10.00000 0.001147 a 3 4 I
4 a, 0.40000 0. 0.40000 0, 0,o00000 0.00407 3 4 3 I
1 0. 01S00UC 0. 0.40000 0. 90100000 0,00017 4 0 I
6 -0 %7'70 -0611084 0. 0.43011 0, N0.00000 0,00717 0 1 1 8
7 -0.ý7%10 -0,43011 0. 0.43011 0. 90.00000 0.0017 6 7 I 8

: -0 .7170 0.00000 0. 0.43011 0. 10.00000 0,00717 7 a 1 1
3 -0171170 0,43011 0. 0,43011 0. 10,00000 0,00717 9 2 1o I

10 -0,71970 00,O04 0 0.43011 0, 10.00000 0.00717 2 10 0 p
II - ,56100 -0.W146 0. 0.4.I64 0. 10,00000 0,00711 a i Is 3
It -1151100 -0.41,*44 0. 0,4431 0, 10.00000 0.00"1 II 11 13 3
13 -1156100 0. 0. D,46&40 0., 0,00000 0.00771 II 13 14 3
14 -I.16100 0-4648 0. 0.46M, a, 0. 0.00000 0.00711 13 14 It 3
IS - 1.34,100 0-.49'6 0. 0.414l, 0, 30.00000 0.00771 Iq Is a 3
O6 -1•43130 -0 3341 0. 0, 4911 0. 20.00000 0.00a1co 0 Is 1 ,
7I -1,43130 -0,4971n 0. 0.43721 0 3000000 0,001.ao II I" S 4

-117-



Is -1. 11030 0.00000 0. 0.1.9712 C. g0.00000 a - oonf I~ I I a 9

10 9 '1 .383 0.169719 0. 01.4111 (). 90100000 0 ococig 6Is 10 t 4

to -1,43130 0.9"56 0. 0.41.1M 0. 00-00000 0 Douge 19 to 0 4

11 -3.36400 -1 .0694' 0. 0.S3-.78 0. 90.00100 0.0099 1 0 a I to 5

It -3.36400 *0.l3'.72 0. 0. 5347i! C. 90.00000 0 -00691 RI at 13 5
03 *3.36600 -0.00471 0. 0.53472 al 90,00000 0-0011111 Re 613 L14
84 -3.36100 -0.50470 0. 0.5$'.78 0. 90100000 0.000111 83 14 n 5
8% -3.341400 1.0691.' 0. 0.13478 0. 90.00000 0101111 #14 is a 5
14 -4,.31410 -1 .JUDO 0. 0.41069 0. 90.00000 0. 00191 0 as 17 a

07 -4, 371.0 -0,11137 0. 0,41069 0. 10.00000 0-0011051 16 17 11 6
Of *'4431.0 -0,.41061 0. 0141069 0. 90.00000 0.00996 17 91 n 6
nl -1.,37410 0,00000 0. 0.141069 0. 90.00000 010096 f@ n1 20 1
30 -4.37410 0.4.1069 o. 0.1.1063 0 90.00000 010091619 to 0s 31 6
31 -4.37410 0.111137 0. 0.41069 0. 30.00000 0.00696 30 31 Ui 6
Il -4.37410 310 0.O o 0.41069 0. 30.00000 CA0M3 31 U9 0 6
33 45,1161 *1.311.6 0. 0.44160 0. 90.00000 0.01030 0 33 34 7
34 45141910 C0.6Wo 0. 0,41.160 0. 90.00000 0,01030 33 P~3 9 7
n1 -V4511160 10,44160 0. 0,44160 0. 90-00000 0.01030 34 3n 36 7
36 -0,1.5610 0.00000 0. 0.44160 0. 90100000 0.01030 31 36 31 7
37 -5.1.4610 0.4.4160 0. 0,44160 0. 10.00000 0,01030 36 37 26 7

36 -. IONIC1 0.80310 0. 0.41.160 0. 30,00000 0.01030 31 30 39 7
39 -S,.4%961 I .3U1480 0. 0.44160C 0. 90.00000 0.01030 39 39 0 7

4.0 *6,61 C -1,411440 0. 0,471.63 0. 90.00000 0101109 0 40 41 6
41 *6.6I990 -0.19H36 0. 0.47462 0. 60,00000 0.01101 1.0 41 41 6
41 -6.61990 -01.47483 0 C.4.7403 0. 90.00000 0.01106l 41 1.1 4) 6
1.1 -6.1161610 0.00000 0. 0,4.?483 0. 90.00000 0.01101 4# 43 1.4 0
4.4 -6.61910 0,4.7463 0. 0.,.7463 0. 90.00000 0,01106 43 44 41 0
4.9 -4,610%0 .0.91.66 0. 0,41.483 0. 90.00000 0.0111011 44 49 1.1 3
1.6 -6.61 "a 1.4.144. 0. 0,47463 0. 90.00000 *0.0lI06 41 1.6 0 I
1.7 -7,67090 1.§,3171 0. 0.910,111 0. 9000000 010l111 0 147 1413 3
4.6 -7,67010 -1.01114 0. 0.S1007 0. 90.00000 0.01101 471. 1.6 39
43 0.167000 .0.91017 0. 0.11017 0. 90.00000 0.01191 1.3 43 t0 3
90 -7,.0106 0.00000 0. 0151051 0). 90.00000 0.01191 49 so0 II 9
VI -7,67010 0.01051 0. 0.51017 0. 90.00000 0,0119l10 so I Il 9
91 07,11090 1,08114 0. 0 11017/ 0. 30.00000 0.01I9I 11 Il 13 9
0 3 -1,07010 1.53171 0. 0.01057 0. 90.00000 0.0Ih91 111 92 0 1
34 -3.1199 -1.64700 0. 0,1.3900 0. 90.00000 0.01881 0 3'. to 10

II-9.11 "a -1.09600 0. 0.64900 0. go-co000 0.01181 %4 t9 96 10
*1 1 "aIN *0.51400 0. 0.94100 0. M0.000 0.01001 3s 6 111 10

97-9.81190 -0.00000 0. 0.54900 0. 10.00000 0.0ifill 16 7 111 10
%16 *14111110 0,94900 0. 0.59400 0. 10.00000 0.01101 97 9 6 10
oo *9.1I160 1 .09900 0. 0,04900 0 90.00000 0.01161 96 96 6 10
60 -091160 1,64700 0. 0,44300 0. 90.00000 0.01#81 .19 so 0 10
S1 *l0046190 -1.0m64 0. 0,41916 0. 90100000 0.;1317 0 61 61 11
W0 IC.10 610 1 0.37741 0. 0.149616 0. 30.00000 0.01177 611 I 63 64 I
6.1 -W 10940 -l,37%7l 0. 0,41916 0. 30.00000 0,013V7 SI61 63 64 1
61. *IQ," Ila 0.1.11I6 0. 0.1.1311 0. 90.00000 0 013V7 63 61. 61 11

61 .10. "log 0. 0. 0.1.9616 0. t0.00000 0,01311 61. 6s 66 I)
"6 -10 66160 0,46616 0. 0.1.6316 0 30 00000 0.013"7 so GO 67 11
67 0-111,11130 0.311831 0. 0.1.99116 0. 60.00000 0,0137 66 67 96 11

I o'".19l0 I.31147 0. 0.1.9616 0. 20.00000 0.0131 67 V 69 so
SI -0. 12I0 1.136118 0. 0 00116 0. 90.00000 0.011 66 as 6a 0 11

70 -18.81710 -1.074$64 0 0.03171 0. 90.00000 0.01461 0 70 71 If
11 -I1.117I0 1.1.6I113 0 0.43171 0. 90.00000 0.011.61 70 71 71 It

7? -Ile117110 -0 3671.8 0 0 49371 0 90.00000 0.01411 71 71 73 It
73 -IR.11I0 -0.4.9371 0 0 49311 0 lio.00000 01011.11 V1 73 74 1?
714 -11 01110 0. 0 0 1.9371 0 90 00000 0.01491 is 74. 715 If

76 -ia e1710 0.49371 0 0.49311 a 90.00000 0.01481 74 75 76 it
76 -10 11710 0 96142 0 0 1.9371 0. 90.00000 0,01481 71 76 77 If
71 -12 11710 .1.461)3 0. 0 -.9371 0 90.00000 0,01401 76 77 73 it

79 -IR 21710 1,9V484 0. 0 49371 0. 90 00000 0.01481 77 78 0 it

" DATA CARD NO. I F" -0 .0 -0 -0 4. 61900[401 0 0. 0. 0.
* DATA CARD NO, 2 Y4 1 1 1 3 -S-C0000C.01 0 a 0. a.
*'*DATA CARD WD 3 TL p 1 3 3 -5-00000C.Ol 0. 0. 0 a 0

*... DATA CARD NO, 4 IL 3 3 4 3 -5-0000OC601 0. 0. 0. a

*''DATA CARO NO 5 TL 4. 3 5 3 -s-001000C-0l 0 0 0. 0. 0.
OATA CARD NO I IL 5 3 6 4 *I.OOOOOC.0l 0 0. 0. 0. 0
DATA CARD NO I IL 5 4. 7 4 *9.00000C.0I a 0 0. 0 0
DAIA CARD NO I IL 7 4. 3 4 -5.0OOOOC.0l 0 0. 0. 0. 0

**sDATA CARD NO, 9 TI. 3 4 9 4 -9.00000t.0I 0 0 0. 0. 0
''.DATA CARD NO. 10 IL 9 4. 10 4 -5.00000(601 0 0. 0. 0. 0

9..DATA CARD NO 11 IL 10 . it `5 -13 000001#01 0 0. 0. 0. 0
" DiTA CARD NO. 12 IL 11 5 1? S *6.OOOOOC.0I 0 . 0. 0. 11.0ooooc-Op 0
*'.DATA CARO NO. 13 Ex -0 1 3 10 l.O0OOOOC00 0 0 0. 0 0
.4" ATA CARD ND 14 RP -0 3.7 1 1110 9.-0000orC0I 0 -5.00000C.00 0. 0. a.

M WILL. SIDRAOC. - 146 O LOC9VS - 4coCLWms PC# BLOCK- 16 COLUMNSd IN LAST 9LOCA- I



MROIANCY 0 4.,UI3E.OI 9,42
biAVELIN410. 6 , "flU*OO PUERE*

APPROXMIPATE INYEOMAIION EMPLOYED rOR SCOWNTS MORE IMAM 1,.000 WAYELENOTIWI APART

STIRUCTURE IMPE04K' . LOADINO

THIS 111RUICTRIF II 90? LOACO

...ANTENNA I94VIIII NJ . . .
IREE SPACE

CP TIME 1AKC4 roR rACIORIZAION S* I.1%IE.OI

. . . MATRIX 11MING . .

.. NETWiORK DATA...

-' -To 700R4HIISSION LINE * S"A? ACMITIANCEI 141401111 LINE

JAG S90, TAO SKO. IMPEDANCE LENGTH END ONE tw TWE O -1 IYP E
NO. NO. NO. NO, OHMS RETERS REAL. IMA. REAL. INAG.

1 2 1 1 5.GOOOC.OalI MI5K-0l 0. 0. a, 0. CROSSED

1 4 3 is S.QQoac#aI 9.0130E-01 a. a, a. a. CROSSED

1 13 4 Is I.QODOE'01 11.103KC-011 0. 0. 0. a CROum9C,

4 Is 5 aa 5.000OL601 1.3570c-Of 0. 0. 0. a.1 CROSSED

9 413 s to S.QOOOoc*a I.UDGac4o a. o. a. o. c~rsscO

s n 7 36 S.0aooC.01 asaoc'oo a0. a, o. 0. CROSSED

7 36 6 43 SAME000.O 1.iC.02.u 0 0. 0. 0. CROWI~D

: 0 ' 4 30 0 -O a1 5 0 0 0 0 'oo c o 0ai c o o a. 0 . a. 1~ s c

C so 'I 57 !.0000C.0l l.:.45E.0O 0. 0. 0. 0. CROSILD

10 S7 It B5j 5.0000I-Ol 1..'4SX3E.O 0. o. . 0, CROSSED

It 65 10E 74 S COODE-0. 1!5T9E*00 0. 0. I.C0001-CE 0. CROSSCO

MAXI".J REL.ATIVE ASYMMETRY Or ?K DRIVING POINT AC9IMMANCE MATRIX IS I,071IC-08 ?01 SEOMENIS ST AND 93
"MI9 RELATIVE ASYMMETRY IS 5k.72PE-03

. -- T"LUR EXCITATION DATA AT NETWORK CONNECTION POINTS *-

1AG %Io. VOLTAOC IVOLTS' CLPI ý- IAMPSI IM~cOAhcf (OHMS[ AOMMTANCE I9,XSi POWER
NO. No. RE AL INXG. REAt. IMAO. REAL IMAGC RE AL IMAO, I4ATTSI

4. 10 1. W12Ei.. 0 5 031'.1E-01-4-5TET7t-'., I 05134R of 7.252'4ft.O0-.3.13bSE.i 11.1011144L-04 1.0673GE.I? 4..U2I -14CO
S T*'0711O S Uf-O-.7I~oC3'O0I0 3.11111O30S1-OI. 773&K.0: 7.96MOE-03 1.20'49PE-a 3.01314E-0S

* -.'O*9.05m 11-11561s3GjS-V'I.6 ~O. 9, "9111-C 5.' E0I-2-1311164t*O 1.401IIK01 7.45031-O1 '.%Wl?E.03
is 5 T0i1711I.-OI S'V72'r!-0? 11.se" SK03-1.10117E-03 S.1%0151. 01 1.131$K.O N M-l4I1K0 .4fS1D

9 oiuSo-aie VKE-01-.3070VE-03 S.51711-C. '4 1111114E00 1 .17% 3610 *O 1.117111C0'4-S.Y411SE-03 I .M401-OS
10 5`7 3 .400911-01 F.1SS0'C-Oe 1.S.fl1004.005111 1.GSI -0 33IO7toCI 4,'s5107-.0'4-R. 74.11E- 03 4.5W906-OS

Ii S-9.2551PE-Of J 3602SC-01 S.7114SE-0'. 5.SAOUE-04 It. 13009E.5 * f.7M1SS01. I.- IMtS3K.0-'k-t 11SE6-03 S1.914DRO-0S3

1 3 !.00100000 0 .g.E10F9t-03 9 3014XE-01 P iI'4S7E.Ol-&.(AM aE0f i.UlDVL08 3 1.301'4K-01 2 11506K-04.
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. N?0PeNA I~,9ty PAAAIcOINI .

TAG 1(0. vol,TAGE IVOLTIS CtOKNI IAMPII I9ICDANCE #01,1116I AOIMIPANCI 1100SI Powto
NO, tt AAL IMAO MOAL IM*0, K AL IMAO. MIN. IMAO. IWAITSI

-C9.RKNTI ANO LOCATION-

OtITANCCES IN bIAV91,INOTHS

110. TAO COMOfS MO11. C9NTZM 1(0, - OMPNI IAPPII
NO. NO. x y LENGTH 01L.4.. IMAG. MAO. 111*61

I . -0.1835 o. 0.06119 6.9701C-04 6.6,197011.0 6.2621X-0 39. IN
a . -0.0610 0. 0,061701 1,144K01-0 1,117114-03 8.80319-01 4.111.9

3 1 0. 0.0000 0. 0.0617A 1.8,130C-03 8.3019401-O 8.93$K1-03 11.616
4 0. 0.0618 0. 0.06176 1.54409-03 1.5711(-03 1.1031C-03 456.101

I 0. 0.1135 0. 0.06176 6.670i1-04 6.0631C-04 I.6653r-04 361. I
6 1 -011168 .0.1 'we 0. 0.00,641 I.6617[-04 -4.72661-04 6. 139K104 *67.1&3
7 1 -0. 11"1 *010664 0. 0.0664 1.53II-04 -1.3117C-03 1.3171C-03 -93.31.2
I It -0. 11" 0.0000 0. 0.06641 -1.17441-04 -1,6000K-03 1.91101-01 -95.638
1 2 -0. 11" 0.0664 0. 0.06841 I.43111-04 *1,3187C-03 1.387%1-03 -03.343
10 1 *01 11" 0. lug 0. 0 ý06411 1.3617104 -4.73660-04 6.1300t-04 -67.146
11 3 -0.8411 -0.1401 0. 0,07141 1. 1164C-03 ,1.1IM6-04 8.24661-02 83, 01
It 3 -0.1411 0.00714 0. M.07141 1.27971-03 .610011D-03 6.614101-02 10,6'M
13 3 -0.1418 0. 0. 0.07141 11.43641-02 2.616-03 7.11061-03 16.491
14 3 *0.444 0,0714 0. 0,07141 S.71717-03 k.3M10-03 1.641041- 10.671
is 3 *0,1411 0.1481 0. 0.07141 8 -15,14C -01 1.2211P -04 1,34111-01 83.161
111 4 -0,3756 -0.11136 0. 0.07676 -1.0I001-03 3.,17614-03 3,17911-03 Ill, 006
17 4 -0.3756 -0.0768 0. 0,07676 -2.61131-03 9.51691-03 61.1111-03 113,001
10 4 -0.11754 0.0000 0. 0.07676 -4.11061-03 1.0ON3-08 1. 18"C.-01 W1.191
IV 4 0.76 0. 01U C. 0.07676 ý 16131%- 03 6,11619-03 $,15l1C00 113.001
10 4 -0.3756 0.11136 0. 0.07676 -111001C-03 '.57361-03 3,87911-03 111.906
*1 0 -0.1100 -0.1651 0. 0.01116 -4.717311-01 -9.5637C-04 4,M1319-03 -1881.63
ff 1 -0.4200 -0.04016 0. 0.06156 - I 1I141K-02 -2.6300C-03 1.14311-01 -117,117
23 1 -0.5100 -0.0000 0. 0.06101 -1. 3751K-01 -3.48001-03 1.41509-08 -11197-11
14 5 -0.1100 010816 0. 0.106256 -1.1 14K.01 -l1.5"G1-02 l.14S11-01 -171.197
n1 1 -0.1100 0.1651 0. 0.00116 -4,7 1'71C-03 -9.6137[-04 4,M1311-03 -161.142
If6 6 -0.6754 -0.1902 0. 0,06341 1. 1721W.-04 -3.262K-Cl 3.26M01-03 -17,676
17 6 -0,6754 -0,1158 0. 0.063,41 5,91941-04 -1. 31 WE1-0 11,33159-03 -01.1Ill
to 6 -0.46714 -0.0634 0. 0.0631.1 1. 14711-03 -1.151SK-08 1,1573X-01 -1114.311
19 6 -0.6754 0,0000 0. 0.06341 1,691K-01 -141747C-01 1.M361-U -08,1143
30 6 -0.6754 010534 0. 0.01M 1 1,1w711-03 -1 .15111-08 1,11731-0 -84.311
31 6 -0,.574 0.1166 0. 0.063141 0, 51214-04 -0. 3166K-03 0,33611-03 -011, 163
31 6 -0.6754 0.1201 0 0.063141 1.3711K-04 -131&622-03 J.26601-03 -97.679
33 7 -0.0415 -0.1046 0. 0 066181 .5064E-03 -5,7116K-04 1.697M1-03 -11,411
34 '7 -0,6415 -0.936'. 0. 0.06918 6,40670-03 -1.814K1-03 6,013111-03 -10.041
15 7 -0.64H6 -0.0641 n. 0,06610 9.814RE-01 -I 3616-03 6.121IK-SI -6,.178
36 7 -0.64is 0.000(1 0. 0-06646 9.681PIC-03 -1.80110-03 9.10331-03 -7.111
37 7 -0.61425 0.06le 0. 0,061191 .114K0-03 -1.391M1-03 9.00351-03 -4,976
so -0.041is 0.136'. 0. 0.06916 6.4061E-03 -1 .1166-03 6.51311-03 - 10.1449
36 -0.0.425 0.8046 0. 0.06911 8.5954t0- -5,711K0-04 1.6171M-03 -11.442
40 a .1.0fe1 .-0.199 0. 0 07331 51.465C-04 I 6s9010-03 1 504M1-03 66.591
41 a -1 01? -.I-S 0 a 07331 1-19U'C-03 1.'.4147-03 3-4110011-03 11.013
'.2 a 01 Oeli oil] 0. 0 07331 1 '.4560-03 '. 73220f-03 4.94611-03 73.011
43 o .1 02?1 0.0000 0. 0 oq3 3 1 3719K-03 5.047K-03 S.d0Il1-03 74,728
164 9 .1 0pel 0.07223 0 0 01331 1 44561-03 4,73110-03 4.014110C-03 73.011
40 -1 0121 0 1466 0 0.07331 I1-1471-03 3,14647C-03 3.41061-03 71,113
4.6 a6 I -.ecl 0 kelo 0 0.07112 1.1465(-04 1 41011-01 I .1110"W-03 66161
47 9 -1 &91 w -0.1365 0 0.1`7113 -1,42661-04 1.019K1-04 7.6664(-04 164. 711
46 1 9 -I Rise -0 1577 0. 0.-0'9113 -1.193513 03 4.-61611 -04 1.61111-OS 165.155
49 9 -1215& -0.0736 o. 0,07063 -8.31610-03 5 7061[-04 2.36641-03 16,11.10
010 f .1 e95v 0.0900 0. 0.07163 -8.30711-03 0,1171-04 f.37110-03 IM, 526
51 6 .1 ?I95 0.0709 0 0, 07663 -1 319RE-03 0 70990-04 2,1641%-03 166.170
52 6 -1? W95 0.1577 0. 0,07663 -1,72351-03 4,61S61-04 1.91&11-03 166.1,00
ss 9 -i 1 115 0.1365 0 0.0766J *7.41661-04 f.01960-04 7.11111614C-04 164.785
154 10 -114ERP9 -0.28543 0. 0.00147717 -5'4K1- 05 -3,3087E- 04 4.01%21-04 -7.1326
t5 10 -1.4211 -0.1695 0. 0 -0014 7 1.463K1-04 -8. 97731-04 9.3172(1-04 -%4.475
56 90 -1.0129 -0.0646 0. 0.084" 2.451SC-04 -1.0966-02 1.1 1131-03 71,.906
57 0V -1,4119 -0.0000 0 0.00477 3.63M10-04 -9.0607t-04 9.76179-04 -U6.110
590 10 -i.41eg 0.0140 0. 0.08477 3.41111-04 -I.01631-01 1.111IKI -OR -71.S06

10 -1.4119 0. 1695 0. 0. 084 7 &.*93K-04 -8.6977X -*-1 w. It72-014 -74.471
1. 0 -1,4229 0,1543 0. 0.09477 6.171.51-05 -3. 0371-04 4. 00141-04 -76,136

Li It -1.6461 -0.2636 0. 0.07000 1. 70711-04 1.60101O-04 3.06611-04 89.000
62 It .1.64W2 -U.212'7 0. 0.070M6 4.311111-04 3.7703-i24 7. 30,671-04 30.638
63 11 -1.6461 -0.1419 0. 0.07061 0.01361-04 1.3077t-01- S. "161- )4 33. Jr

r.w It -9.646W -0.0709 0. 0.07089 ?.687X1-04 5 04 Iot-0% 9.,71 0K-04 37,7011
St11I -1.6462 0. 0. 0.070"6 %.1p5[-04. 6.W0K1- 041. 6.0510- 04 44.666
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G II -,1.161 0.0709 0, 0.07033 7,671M-04 S.Vi171C-04 S.71S3-04 37,701
67 i1 -1.6442 1.1410 0. 0.07089 I.08331-04 5.-31`771-04 9.UI33l-04 33.367
Of i -1,4641 0,14,7 0. 0.070,' 6.3I,11-04 3,7763-04 7. 367 •04 30.9n

iS -I,64W 0. 8036 0. 0. 070M 11.7073-04 1,50101-04 3.06.-044 19.000
70 I: -I.904 -0.3049 0. 0.07613 -1. 03 1-O% It.40719-04 3.31:ME -04 IS.36
71 II -1*.I4 .0.81109 0. 0.0703 -. 0301C-04 0,i0311-04 7.111UK-04 131,11.00
I#it I -*1. "6 -0. Ion a. 0,07NMIU -7,01il094. 7,.1k04 I.00070t-03 61,71773 ItI -I 4WN -0,.0160 0. 0.0"IUS -7?,MPO0[,*0 6.11711I-04 1.08W-N[03 13S,414

75 If 1 .6064 0.0161 0. 0.0 613 -7.,101 - ,04 6.67i1,-0 I..i391-03 I111.414
76 1 -l1164 0.tIon 0. 0.0703 -1,0II8-04 7.14"1-04 1.007K-03 134,767
77 II -1,9666 0.491 0. 0.0163 -S.01011-04 5.$303-04 7,363K-04 13I.I 9
73 II -lI.f64 0.3042 US . 0.01, -I. "M-04 1.40711-04 .11-641-04 109.698

INPUT POWE a I.IIK-01 WATTS
RADIAT[O POWtP, 1,076K*01 WATTS
STM.RU•C LOSS. 0. WATITS
NITiW,• LOSS a 1,01S04-03 WATTS
lrrICIlNCY * SI II PIRCENT

- RAOIA? ION PATiTRlNS

ANOLES -,$ - RCTIVI GAINS . . . POLARIZATION -. .. 4. .. - .-,N..
TN[TA PWI VENT NO". TOTAL AXIAL IILT SENSE HANITlUT PHASE KAONI TUO PHASE
.0"Its DIEVICES 0D DI DO RATIO 0O. VOLTSNM IOKC0 S VOLTSIN DEC0!IS
30.00 0. -999.go 9 .3. .75 0.00000 60.00 L INtAR 0. 0. 8.453911*00 -1.00
36.00 0. -909.99 3.710 6.70 0.00000 90.00 LINEAR 0. 0. 9,49S391100 -65.10
30.00 0. -9019.9 3.13 1,53 0.00000 90.00 LINEAR 01 0, .406U3*00 -. ,13
71.00 0. -999.99 1."l 9.1 0.00000 90.00 L IN[AR 0. 0, 1.33093s00 -41,97
70.00 0. -99, 9 11.36 I1 0.00000 30.00 L INCAR 0. 0. V,I9K1*00 -13.14
5S100 0. -900.12 1,37 8.37 0.00000 30.00 LINCAR 0. 0. 8. IUGIK*00 -47.30
10.00 0, -999.99 ",79 7,79 0.00000 90.00 LINEAR 0, 0. 1.701#X*00 -3.77
11.00 0. -19%, "9 7,15 7,15 0.00000 90.00 LINEAR 0, 0, I.01915100 -31,17
S0,00 0. -399." 6.45 6,41 0.00000 90.00 5 INKAR 0, 0, 1.61 , 4U .00 -11,34
41.00 0, -9 5.3 9?.70 S,70 O0000C0 30.00 LINEAR 0. 0. 1.4747t*00 -3.31
40.00 0, -009.11 4.1 14,I1 0.00000 90.00 LINEAR 0. 0, 1,33•7%K#00 3.S1
11.00 0. .19,91 3.67 3.17 0.00000 30.00 LINEAR 0. 0. 11, 001.00 1.46
30.00 0. -939. " .10 1.10 0.00000 900 LINEAR 0, 0, I .01IX400 3,01
15.00 0. -399.93 -0.14 -0.14 0.00000 90.00 LINEAR 0, 0. 1,I03101-01 593.1
90.00 0. -900,99 -3,40 -3.40 0.00000 10.00 LINEAR 0. 0, 1.4313M-01 63 49
11.00 0. -*9. of .1* 7 -3.97 0.00000 30.00 L I N AR 0. 0. 3.100101-01 1117,7
10.00 0, .9.," -16,15 -11.19 0,00000 90,00 LINCAR 0. 0. 119•1l1-0l 1.975s
5.00 o, *m099 S -13.19 -13.19 0.00000 90.00 LINEAR 0. 0, 1,I16441-01 -103.01
0. 0. -99939 -19163 -19-63 0.00000 30.00 LIN1AR 0. 0. 1,27SIt-0o -41.39

•.500 0. -919.99 -10,6 490.66 0,00000 30,00 LINEAR 0. 0. 7.44403K-01 -14,"7
-10.00 0. -399,99 -9 ,14 -I.14 0.00000 90.00 LINEAR 0. 0. 6.91700(-0ol .4i33
-19.00 0, -599.19 -17.70 -17,70 11.00000 30.00 LINEAR 0. 0. 1.0469•3-0 -1.U163
-90.00 0. -099.99 -14.41 -14.43 0.00000 90,00 LINEA* 0, 0. I.S1I3-0I -90,3
-99.00 0. -219.19 -13.31 -13.31 0.00000 90.00 LINEAR 0. 0. 1.7397I1-01 -30,90
-30.00 0. -M9..99 -13,N -13.96 0.00000 90.00 LINEAR 0. 0. 1,6101•[-01 -10.69
-35.00 0. -999.99 -1641 -16.41 0.00000 90.00 LINEAR 0. 0. 10149f-01 7.49
-40.00 0. -229,09 -I ,41 -81-41 0.00000 90.00 LINEAR 0. 0. 913111E•1-o 193.3
-49.00 0. -399,9t -to,"9 -19.92 0.00000 90.00 LINEAR 0. 0. I.99639-01 -IS91l
-90.00 0. -999.99 -4,433 -94.33 0.00000 90,00 LINEAR 0. 0. 4,07?67E-'0 -74."3',
-55900 0. -9931.99 -19.91 -19.31 0.00000 90,00 LI.NEAR 0. 0. 1, 1141S-01 -7999IS
-60,00 0. -999.02 -17,99 -17.91 0.00000 30.00 LINEAR 0. 0. 10l1 ItI-0l -63.59
-69,00 0. -911.90 -17,1 -17?,1 0.00000 90.00 LINEAR 0. 0. 1.03o11-0 1 -9ý,15
-70.00 0. -M99.33 -17.4• -17,14 0.00000 90.00 LINEAR 0. 0. 1.103K11-01 -4"•,4
-75,00 0. -999,99 -1753 -17.53 0.00000 90.00 LINEAR 0. 0. 1,06711{-01 -43.73
-30.00 g. -999.99 -17,9OR -1.,.9 0.00000 30.00 LINEAR 0. 0. 1,09037-01 -40.V4
-8.00 o. -909.99 -14,i3 -18.13 0.00000 30.00 LINEAR 0. 0. 2.1477K1-01 -39.60
-30.00 0. -999.99 -1S.39 -11.39 0.,0000 90.00 LINEAR ,0 0. S.'7177K-01 -39.It

4)
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. . . NO"NALIZE0 GAIN . . .

PIAJOR AXIS GAIN
NOOMALRlATION rACT0R 9 .79 Do

* ANklES * GAIN - - ANkOl - - GAIN * ANklEj . GAIN
WI(IA PNI of TWCA PHI 05TW~A PHI O

MOREO S OEootCI MOMS1 KORCSi OtRCSi oCOWrS
#1o-G 0.a ne a -1.9 -39.0a a.' -i.i

05-c a. -0.os 10.00 a. -13.11 -40.00 0. -31.16
60.00 a. -0.99 t.a Igo a. -1is,.. 1 :400 0. -311,70
79.0O a, *a.mo 10.00 0. -ni 90 SOG a. -14,n
7a.0a a. o.n Of0 a, -38.9 -10.00 0. -111,67
61.00 0. *Iol. 0 -13.36 -60.00 0.
$0.00 0, *1.86 -S,00 0. -30O41 -61.00 6. -11'.0..
U.00 a. -1.61 -10.0o 0. -31.1 -70.00 0. -ft.es
50.00 0. -1.30 -10.00 0. -17.44 -75.a 0. 41,01
49.00 0. -4.06 -80.00 0. 44,19 .40.00 0. -11.04
40.00 0. -4i.9 *fl.cc 0. -13.06 -016.00 0. 417.66
36.00 0. -6,06 -30.00 0. -13.71 *iO.O 0. -9 0

5000 0. -7.61

CAVA CARD NO. 15 EN -0 .0 *G -O 0. a,0 0.0

PAMd I IME * 17,107
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EXAMPLE 6, CYLINDER WITH ATTACHED WIRES

The geometry data for the cylinder with attached wires was discussed

in section 111-2. The wire on the end of the cylinder is excited first and

a radiation pattern is computed. The CP card requests the coupling between

the base segments of the two wires. Hence after the second wire has been

excited, the table "ISOLATION DATA" is printed. The coupling printed is the

maximum that would occur when the source and load are simultaneously matched

to their antennas. The table includes the matched load impedance for the

second segment and the corresponding input impedance at the first segment.

The source impedance would be the conjugate of this input impedance for

maximum coupling.
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Example 6 Input

C[CYLINOCM WIN ATTACHIEO WIEiCS,
v 10, o. 7,3133 0. 0. 3,.
rp IO, 0. a. C. 0, l1.
sp 0. 41 -7,13333 0. 0. 3,.4
am I 0. 0, 30,UP 131~ 0. II , @, 0. 'ssNUP G, 0. 111 "10, 0. 44.i
ON S I 0m 0, I -so. 0. 44, N

a.O O, .I I, .|0, O, .,ee
04o 1 0, 0. 11 0. 0. 13.
O 6 I tO. 0. 0. .6 0 . ..
01 ,1O

CP I I a I
Ix I
op 73 i 1000 o. o. S, 0,
ix R I .
xO
EN
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Example 6 output

NUMLMICAL .LECT@AOP(IA CON0

CYVLINOiR WIT ATTACHEO bilNES,

.- . .STRUCTUR IEIPVIrlCATION -. .

COOROINATIS MUPST K INPUT IN
I(tEM OP K SCALO 10 Pt(7RS
Krom •sImUCTum INPUTt is INKo

WIE NO- W PINTS LAST TAGNio. XI VI 1l 111 ve to RADIUSI Mo. up. "a:, No.,

IP 1O.0000 0a. 7.33330 0. 0. 31.40000
IN 10,00000 0. 0. 0. 0. 38,40000
p t0.00000 a, -7,33330 0. 0. 0,4O0000
?IW SITRUCTURE bAS KEN MOVED, MOVI DAIA CAM I •
.0 1 , 0 0. 30.00000 -0. -0. -0. -0.

"7P i.s,1O0O o. 1I,00000 t10.00000 O. 4,luO000
"5i .too a. *,11,00000 -0.00000 0. 44 N000
STRUCnU.L NOTAICT AIOUI I-AXIS I TIMES, LAI.SI INCRMCNIEO Ni -0

14V 0. 0 11,00000 110.00000 a. 44 55000
SOP 0. 0. -II.00000 o0,O0000 0a. 41. "0oo

I 0. a, 11,00000 0. a. 13,00000 @,10000 4 I 4*
a 10.00000 0. 0, 7,60000 0. 0, 0.10000 1 1

STRUCTURE SCALED 1Y PACio0 0.01000

TOVAL K0MCNTS ACVr. 9 NO, S90, IN A SIYMqEIC CELL, 9 SYMItgAY PLAO@ 0
TOIAL PATCHES USVKD M NO. PATCHCS IN A SYMMCYTIC CELL•. 4

, t9JIIPCP WINE J.PdCTIONS -
JAPC1ION SEONNIls I- rop E[N I. * VON Etw l1

. IEOCNTAI ION D0tA ....

COORDINATES IN ME(TCN

I. AND I- INDICAI[ lot KOPItNTS KrON. ANO ArIER I

1S0. COOPOINAICS Or M.C• CtNtC sto0, ONIEATION ANGLES WINE CONNECTION DATA TAO
NO. x 2 LENGIN ALPHA KTA MADIIS I. I I NO.

l 0 , O.tSO0 1,0000 0.00000 0. 0,00100 t000 I I
0. 0 Oa. Iooo 0.03000 10,00000 0. 0.00100 I 1 3
0 0. 0. 0., l00 0.03000 0. 00000 0. 0.00100 1 3 I

. 0 1100 0.0o3000 0.00000 0. 0100100 3 4 a
1 0.I1760 0. 0. 0.0310 0. 0. 0.00100 10001 5 1

S .11, . 0. 0031140 0. 01010 5~oo 6 7
7 0 1.03 0. 0. 00110 0. 0. 0.00800 6 1 3
a 0.,310 0. 0. 001110 0. 01 O, 0.0100 17 a I
0 0,llqo 0. 0, 0,031O 0. 0, 0100100 o 9 0 8
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S W - IACK PATCH DATA . . .

COO•DINATE% IN METER

PATCH CODNO u1 PA(M Lt•Nrm MINiI NORMAL VLCtOA PAfTM COIO NII o k111 TANKENI V10ECTO
I 0.10000 0. 0.07333 1,0000 0. 0. 0.0033W -0, 10000 c. 0. 0. -00104

1 0.10000 0.01149 0.011•4 1.0009 0 0. 0,0003. -0. 1.0000 0. 0' 0. 1.0000
1 0.10000 -0.011541 0.01S49 1.0000 0. 0. 0,0003 -0. 1.0000 0. 0, 01 l0000
4 0.10000 -0.0I1%4 .0,01014 1,0000 0. 0. 0,000K -0. 1(0000 0, 0. 0. 5.0000
5 0,10000 0,01141 -0.01541 1.0000 0. o. 0,0ooon -0. 1.0000 0. a. 01 .0000
s 0.I0000 0. -0.07333 1,0000 0. 0. MoDoo0 -0. 1.0000 0. 0. 0. 1.0000
7 0,0310 0.01000 0.07133 0.K660 01000 0. .000114 -0,1000 041110 0, 0. 0. .0000
S01010 00m000 a 0. o110 0.1000 0. 0c00oo -0o1000o 0o 0 0. 0. 0. 1.0000

o CONaO 0.01000 -0,07332 0,910 0.1000 0, 0.0033 -0,000 010 0. 0. 0, ,0000
@0 0o,10 0. 0.11000 0. 0. 1.0000 0o0oo4u 1.0000 0. 0. 0. 1.0000 0.

II 0.01110 0. -0,1000 0, 0. -1,0000 0.00443 1.0000 0. 0. 0. -1.0000 0.
Ii 0.03000 0.000 0.07333 0,1000 0HMO 0. 0,003o -0.o1o 0,1000 0. 0. 0. o.0000
Is 0.01000 0.0Douo 0. 0.0o 0. OHO 0. 0.003o 4 -OHIo 0.11100 0. o0 0. .0000
14 0.0SO00 ON1Oo .00733 0.9000 0.61610 0. 0,003o3 -0.o110 0,1000 0., 0. 0. .0000
It -0,00000 0,10000 0.07133 -0,0000 1,0000 0. 0,0034 -1.,0000 -0,0000 o0 0. 0. .0000
0 -0.00000. 0.10000 0. -0o0000 1.0000 0. 00ooo -1.0000 -0.0000 0. 0. 0. ,oo.00
7 -0.,000c 0.10000 -0.07333 -0.0000 1,0000 0. 0,003W4 -1.0000 -0,0000 0. 0. 0. 1,:a0o

IS 0.0349• 0.0397 0.11000 0. 0. .0000 0.0041S 0.1000 0.1660 0. -0. O 0,.000 0.
193 0.02414 0.0567 -0.11000 0, 0, -(.0000 0.00442 0.1000 0.8,10 0. 0,MO -0.3000 0.
10 -0,01000 0.0110 0.07333 -0.1000 0.540 0. 0.00 W -0.66 -0.1000 0. 0. 0. 1.0000
a5 *0.0I000 0.01110 0. .0,1000 0.6660 0. 0.00311 -0.111 -0,O'X 0. 0. 0. 1.0000
II -0,09000 0.06110 -0.07332 -0.0000 0.560 0. 000384 -0.1110 -0.9000 0. 0. 0. 5.0000
23 -0.0140 0,09000 0,07333 -0,6110 0,9000 0. 0400314 -0,000 .0,11 0. 0. 0. ,.0000

14 -0,0140 0.01000 0. -0,3SU0 0.1000 o. 0.00314 -0.1000 -OHIO 0. 0. 0o. (0000
61 -0.06660 0.01000 -0.07333 -0.9110 0.1000 0. 0.003114 -0,.000 *0.0110 0. 0. 0. 5.0000
IS -0.03441 0,01117 0.11000 0. 0. 1.0000 0,00443 -0,5000 0.100 0. -0.010 -0,9000 0.
97 -0.0M24 0,01967 -0.11000 0. 0. -1.0000 0,00443 -0,.000 0.40 0, 01140 010000 0.
13 -0,10000 -0.,00000 0,07333 -1.0000 o0000 0. 0o03o 4 0,0000 -1,0000 0. 0. 0' 1.0000
93 -0.10000 -0.00000 0' -1.0000 -0,0000 0. 0,00314 0.0000 -1.0000 0. 0. 0. 1.0000
30 -0.10000 -0,00000 -0,07132 -1.0000 -0,0000 0, 0 00N4 0.0040 -(.0000 0. 0. 0c. .0000
11 -0,0560 -0.01000 0.07313 -0.WO -0.1000 0. 0.003I4 0.9000 -0.540 0. 0. 0, (.0000
31 -0,0660 -0.01000 0, -0.,660 -0.1000 0. 0.00-26 1. "DO -0.06360 0. 0. 0. 1.0000
13 -0,0160 -0.09000 -0.071332 -0,110 -0.3000 0. 0.003611 0,.000 -0.1,0 0. 0. 0. 1.0000
34 -0,0490 -0.00000 0 11000 0. 01 1(0000 0.00449 -I.0000 -0.0000 0. 0.0000 -(.0000 0.
39 -0,06630 -0.00000 -0.11000 0. 0. -I 0000 0.004' -(,0000 -0.0000 0, -0.0000 1.0000 0.
1 -.0,01000 -0.06060 0.072333 -0.000 -0,3110 0 0,00314 0.3660 -0.1000 0. 0. 0' ,.0000
31 -0.05000 -0,01140 0 -0.1000 -0,.9"0 0. 0.00314 0P.110 -0.5000 0. 0. 01 1.0000
32 -0,09000 -0,01660 -0,07333 -0.5000 -0,060 0. 0.00314 0. "a -0.000 0, 0, 0. 5.0000
33 0,00000 -0,10000 007133 0.0000 -10000 0, 0.00M 1.0000 0.0000 0. 0. 0a, ,0000
40 0,00000 -0.10000 0. 0,0000 -i,0000 0. 0.003* 1.0000 0,0000 0. 0, 01, 0000
w1 0400000 -0..0660 00 09000 -0000 0 0 003W 1.0000 0.9000 0a 0. 0, .0000
w1 0.010 -0406460 -0111 072 0. 0. -0 6 0000 0,004 0.5 -0 N0.00 0, 0,10 -05000 0
43 -0 06445 -0,0900 -0 010007 .6 0. .10000 0.0041 -0.1000 -0.WO 0. -0." 0,1000 0',
46 0.06000 -00MO 0 0.73 0.30o '0.10,10 0. 0 00334 0.000 0.6610 0, 0. 0. 1.000041 0 Moo0 -0.0411"o 0 0.5000 .0,0660 0 0.003616• 0. MO1 0.5000 0, 0+ 0+ I,0000

43 0.060 -O.010060 -0 07233 0.6500 -0 .610 0 0.0023O 0. 0 0,10 0.60 0. 0. 0. 1.0000
10 0 036%0 -0 0.000 0 07i33 0. 0 1.000 0.003 01000 -0.56,0 0 OHIN 0010 0000
44 0 00.60 -0.010o0 0, 0.41460 0..50o o0 0 01744 0.6000 -o HI 0. 060 0 0, -D 100000
49 0.000 -0.05000 -0,01330 0.,56 -0.5000 00 0,0001 0.5000 0. 0 0. 0. 00 100000
13 0 0315 -0.0l671 0.11000 0. 0. 1.0000 0 00411 0.0000 -0."G 0. 0.1ma 0,000 0.• 1 0.0)3445 -0.059s7 -0 itooc o 0. 1. 0000 0 00449 0.5000 .0,IM O, *.O-0l111O -0.4,00 0.O

S3 .0 01615 0.01675 0,II009 0. 0. 1,0000 0 00118 1,0000 0. 0. 0. 1,0000 01
54 -0.01675 -0.01675 0.11000 0. 0. 1,0000 0.00(11 • .0000 0. 0. 0. 1.0000 0.
II 0.01675 -0.016"• 0 11000 0 0 I 0000 0.00111 1(0000 0. 0. 0. 1.0000 0.
b1 0. 0. -0 11000 0. 0. -1.0000 0.00446 1.0000 0. 0. 0. -1,0000 0,

O•A* CARD NO I rm .0 I -0 -0 4.-.1 .O01 0 0. 0. 0. 0.
-DATA CARD NO. ? CIS I I 1 I 0 0. 0. 0. c. 0'
0..) CARD NO. 3 CX -0 I I -0 1.00000C.00 0 0, 0. 0. 0.

- CARO NO. 4 RIP -0 13 I 1000 0. 0 1.00000t.00 0. 0. 0.

F ,IL.E S01*1[ - NO BLOCKS, I COLUMNS PER ILOCK, 16 COLUMNI IN LAST 31L00Ck 6

... .. rpfN[• .. . .

F ItE6506E-012---
WAVELENG.TH- 6...SI7C.0I ME(TERS
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APPROXIMATE 9NTt10tAy90N EMPL.OYED FOR S(O94CNTS MORE TM*4A 1,000 b9AVtL[NQ1Hj APART

T19ftiuCfUM 9990*9CCW LOADIING

wt49 SIK9CIAI Is Not LOAOCI

...ANTENNA tNVI NRICN
P941 SPACE

CP TIM4 WEN9 !§A rACIORIZA?1@N 1 .16060.100

... MATRIX 7991940

PI6LL 0.967 11C.. fACO~s 0,0111 1(0.

ANTENNA INPUT PA94AM41?194

1*0 MO., VOLTAQC IYPLTSI 09A9(WT IMPS) IMPEDANCE 10114,111 ADMITTANEImmal 9409 pup4
NO. No. REAL9 991*0. REAL9 991*0 41*9. 994*, "CAL9 994*0. 994*115

I .000O00100 0. I192-3I1#I-SI761.9I916.89lIX0 186-3,1610

*UWT AND7 *4 LOCATION...

CISIANCtS IN bIAVtLCWINOS9

6(0, WA 00094. Or KO- C019419 SEC. - UWN (A1.99147 P*91
NO. Ndi x I LN OT REAL09 94*1 94*. MAO. 9494*6

I . 0. 0,1141 0.001.6 I .1,131S -011 *,lWK-03 9.31MS-03 691.416
* , 0. 0,01406 0.044168 1. 017K-01 I11.54O-03 6.670K1-02 60,031

3 1 0. 0. 0. "75 0,041.611 7.91679-04 4,37%K1-03 4.4161.161-0 79.71.6
me a. 0. 0,33me1 0. 04141 3,3076C-04e 1,7161S-03 I.7616-03 7.9,144
I 0.01487 0. 0. 0,011.70 -.760071-01 1.1634t-03 1,71M-C03 111.048
a 8 0.37 0. 0. 0.0`11470 -1.0147C041. .6307C0 1,1974C03 9IS16,11
7 .a3DWI 0. 0, 0.0§1.70 *7.01-M7C-01. 1. IO0IC-03 1.66041.03 196.199

M I.9ACC PATCH4 CURREINTS - - -

DISTANCE IN W.AVELEN01941
"Pt9RNT IN AM991/I'tRf

SUFC IraC cOMPONENT - - . .. CCANOULAA 00990919?% - -
PAT1CH CENTER9 1*1.0191 VECTOR I TANCINT VECTOR I x Y

x 1 MAD. P94k1C MAO. 9494*1 REAL IMA*0 REAL 991*0. REAL 191*0

0.915 a 0.I14 9.eIIOC-Il 66.31 7,16681-0S -n.11 0. a, 6.66-1-9 1,41-11 6.611-OS -4.919-03

0.155 O0.04 0.014 0.00911[-03 -61.46 1,4010t-02 -51.31. 0, D. 3.74E-03 -69 -I1-03 @.@K1-03 -I.IIE-01

0.915 -0-014 0.014 9.OOIK-03 114,114 1,4#10C-01 -51.34 0. 0. -1.71.C-03 8. IK-C2 1.6611S-OS*IIl

0-111% -0.014. -0.014 I.DOWe-03 114.49 5.066ff-OS ' 31.5 0. 0. -3.7311-03 S.101-03 1.011-04 5.071-03

0.11111 0,014 -0.0944 1.4081C-03 -65l .51611. N -0S 34.31 0. 0. 3,73t-03 -El&OC-03S 1,0-04 S.Olf-OS

01155 0. -0.114 6.939K-1-3 -4.51 1.16781-03 98.523 0. 0. 6.6ff-IS -5. 3K -14 1 ýSl-(J 3.4&C-04

0.13% 0.073 0.1.4 I,176X-03 -2k.071 5,411-03 -11.30 7.91E-06 I.361-04 -I - 3K-04 -9.611-03 0..44C-03 -. 01 - 03

0.135 0.0111 1;. 3,914K1-03 -15.49 0 313K1-03 -23.00 -4.01O-04 9.631-03 11.461I-04 -3. i11-03 4.%K1-03 -1.@K1-03

0 135 0 076 -0,.114 1 11113X-0S -0.60 8,11119-03 -33,48 7.17E-05 6. 04 -04 -l M61-04. -1,17[-03 1,44[-03 -1.61-03

0.101 n. 0.171 9.36391-02 -104.01 l1,501E-11 10t.37 -35.01-03 -.51-01f -5.%11-13 8.1K-Il 0 0.
0907 a -0.1I'l I .11371-03 -10.11 I 8045E-If -1635.6 1.%K1-03 -1.901-04 9.96-1- 3.411-13 0. 0.
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It
0,078 J. 135 0,114 1.6705E-03 -122.81 4.1414E-03 -0.95 9. &K - 04 klit-03 -5-35E-04 -9,41PE-04 10ý6111111[-03 -7.30E-04
13
0.011 0.135 a, 1 -612*A'03 'Ila 04 5 3699E'05 '33.18 5,4K-n% I.SDE-03 -3.IK -04 -7.S11-04 %.SOC.oj I? 91E.03

14
0 071 0 1%% -0,114 1 11OU -03 -119 54 it ISOU*oj -44,61 9-30C-114 1,179-03 -1,371-04 -6.739-04 t. 71st-03 -3 IIE-01
Is 0

a Con 0-l" a 114 1 4"Ot-OS 160- P 1) 31189-01 11,81 1 . N9-Uj 14,M-04 1. ONE -13 6.7X- III S Fit-03 1.09k.03

Is
10 Coo 0.155 a. 1 .10749-03 -111.49 6.3610t-03 -31.99 1.409-03 11.11111144 I.M -13 6,149-14 4AIC-03 -e.ut-03
17

-0,000 0.151 -0.114 1 .44 IK-03 -160.86 4,603it-03 -94.61 1. 3K-03 4.11IM-04 1.01111111-13 4.749-14 1,67C-03 -3,7K-03
If 1

0.094 0.093 0,171 1 41MM -Of -109.83 1.6074C-03 -140.94 -11.01C-04 -G.bK-03 -4,049-03 -I.&K-M 0. 0.
19
0.0% 0.093 -0.111 1,754K-03 -10.91 1.11110M -03 n. 08 IAK-03 1.17C-04 3.OK -04 -1,649-03 0, 0.
go
-0,070 0,135 0,114 1 . 31 GK -0 3 -171.68 S.04OK-03 -1.94 1.149-03 COK-01 GAK-04 1.%K-OS 1.04t-03 -1.14C-04
#11
-0,018 0.135 0. 1,9141111-04 171.5% 9,3744C-01 -33.13 G-GIC-04 -R.OK-OS 4.17C-04 -1. IK-05 4.10IC-03 -1,24C-03
of
-0,018 0,135 -0.114 1.31019111-03 17111.60 4,3371t-03 -U.61 1. 1 X-03 -8.1it-09 6.519-04 -1.117IC-06 1. 31111-03 -3.11K-03
is
-0,135 0,078 0.114 7,0137E-04 161.19 9.74789-03 I-M 3,34C-04 -1.14C-04 t.7K-04 -1,979-04 S-679-03 9,11149-04

114
-O.i3S 0.1071111 0. 9,90019-04 165.30 6, 311111IC-03 -33.03 1,119-04 -?, 3K-01 4.8K-04 -I.M-04 4,00C-03 -E.IX-03
n
-0,131 0.078 -0,114 §.%41C-04 J".60 4,86OR-03 -U.91 S. 3K-04 -$.CK-01 1.60C-04 -1.40t-04 11-ROC-03 -3. IK-03

-0.014 0.023 0.171 1.55709-01 109. CIP 1,414X-03 -176.59 3.7K-03 7.%X-03 -S.&K-03 -1.171-08 0. a.
17
-0.004 0 093 -0. I'll 1.16OK-03 -91.00 1.40559-03 1. Of 1. M-01 2.44t-04 6.4K-04 -IAK-03 0. 0.
to
-0,161 -0 000 0.114 5.3311[-13 -103.14 6.170K -03 -3.81 -11,129-13 -1.1811-11 1.17C-13 SAK-13 6,81111-03 -3.019-04

12
-0.155 -0.000 0. 4.1141[-13 - in. 09 111,3703-03 -33.0% -9,87C-13 -1.14GIC-11 RAIE-13 3.41t- 13 4,109-03 -R.IX-03

30
-0, IM -0-000 -0-114 1,10119-13 -153.34 4.07SK-03 -S7.80 -4. M-13 -1. 1 X -13 1 . OX- 13 11,10t-14 R.17t-03 -3.4u-03

31
-0.115 -0,071 0,114 7.09379-04 -19.91 0.747K-03 9. N 3,349-04 -1,14t-04 -S. 1K -04 1.27C-04 1,11t-03 9.114IC-01i

If
-0,131 -0.078 0. 9.110CIE-04 -14,10 G. 37 1 K -03 -33.03 1.119-04 -1. 3K-01 -4,911-04 I.17C-04 4.50it-03 -&.$X-03
33
-0.139 -0 all -0.114 C"4IC-04 -13.40 440ORIC-011 -51.17 S. 3K-04 -1. OU-09 -%.*C-04 1.40C-04 8.10C-03 -3.65C-03

34
-0,101 -0,000 0,171 11115711-08 -111.31 3 ý 9 1 3K - 13 -73.43 SASC-03 1,4K-01 UNIC-18 S. M-18 0. 0.
n
-0 101 -0.000 -0.171 I.BldOC-03 -111.14 f.1811C-13 -54,54 5.41C-04 1,54C-03 3.2m -I3 4.41111111-13 0. 01
35
-0.010 -0 In 0. 114 1 31M-03 1.38 5.04OK-03 -1.54 i.lbo(-03 I.SX-DS -6.59(-04 -1 WC-05 5,041E-01 -1V M - 04

31
-0.018 .0 135 a. 9.94ME-04 -1 36 5 3744E-01 -31,13 N.GIC-04 -8.05C-05 -4, IllIt -04 1 . IK-05 4.501-03 -1ý94(-03
w
-0,070 -0 135 -0.114 I.S019C-03 -1 38 4 3371E-03 -56. 53 1.13[-03 -&.$It-04 1.1117t-05 1. 3K-03 -3 ýGK-03
39
C.OQC -0 155 0. 114 1 .14450[-03 12.66 5.3212[-03 1 1 11 1.36C-01 4.811IC-04 1.47[-IJ 1,679-13 9,11C-03 1 ýOK-03
40
Dý 000 -0-1115 a. I .1014C-03 114 %1 5.36SOC-03 -W," l-IOC-03 S-Olt-04 5.03t-!3 8. 7K- 13 4.511-03 -Ugec-03
41
0.000 -0.155 -0,114 1 410SE-03 12.14 4 6031E-02 -54,61 i.11GE-03 4.11(-04 7 44E-13 8.67E-13 8 $7t-02 -3. 7M-03
41 

4

-C 054 -0 093 0 171 1 5SIDE-Dt. -109-02 1.4141[-CS 3.31 3.16C.01 7,4X-03 3,691-03 1.17C.08 0. 0.
43
-0-0%4 -0.023 -O.Ill 1 .7602E-03 -12 00 1 405%t-03 -17741 1 25C-03 IV441[44 -6.%K-ow I-4K-03 0 a.
44

0 016 -,J. 1311 0 114 1 , 6705t - 0 3 $0.19 4 141%E-03 -8-86 1.16C-04 I.Ilt-03 S.3M-C4 GAK-04 4.$K-CJ -7-301-04
45

r 079 -0 13% 0. I.GMC-03 61. 16 5-MOK-03 -b3.I8 5 4U-04 I.SOC-03 S. IU-04 7.11C-04 4,90t-02 -1.2K-03
6
J 0 -0 13S -0 114 1.78169-03 51 41 4,1006C-Oj -40.62 9.30t-04 1.17t-03 S. Vtt - 0 ho 6,7K-04 I 74C-03 -3 IIC-03

1
C I C, 0 '10 0.114 1.87113C -03 111% 13 6 5,#M-03 -1140 7 OIC-05 9. 3K -04 1 , SK-04 1 619-03 6.44C-03 -1 -OK-03
1441

j 135 -0 all 0. 5,914K-03 104 51 5.21 3K-03 -33.00 -4.90[-04 1. M -03 -@.%K-04 3.&K-03 4.4K-03 -1. M .03
49

0 1 " -0 070 -0.114 1.9133K-03 " 40 P.1183E-03 -.117t-OS 1.04C-04 1, M-04 1,17E-03 1 441-03 -1.611-03
so
0 ^5 - 0 023 0,171 1.4045C-OR -105-13 1 .6011114 -03 34 AS -9.01[-04 -C M -03 4.04C-03 I .#K-01 0, a.
ti
0 013 -0.171 1.754K -03 40.11 1 $0631-03 -144.29 1 1119L-03 1,17[-04 -3 001-04 I.W -03 a. 0.
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13
-0.0111 0.0416 0,171 2,70119I-01 -76.78 3.4497t-01 -90.74 7'.5111-03 -2.GK-01 41(2-ROOC-Ol 0. 0.
92

06.010.46 C.111 .1,13ICI1- 78.74 2.64379-01 -30.14 .117111-03 -J.111-0 6-M.-03 -2.111O-0? 0. 0.

0.as -0.i ON .111 3.77071-01 -91.61 3.1K-01 110.64 -%.$K1-03 -3.749-N .&10 3.11011-000. O

o. 0. -0.171 IJ231-03 10.00 11.51113I-13 177.114 I.M-03 14.1611C044 G.W-112 -. 3X-14 0. 0.

INPUT MpOR a 3,l13-04 MATT$
RADIATED POCAGm S.131-74 WATTS
SINUCwURI LOWS 0. 101076
NETWORK LO111 e 0. MATT%
[FfItICINCY a 100.00 10IR1CIENI

. . NADIA? ION PAITIRNI .-

-- ANGLES- - POWER GAINS - - - - POLARIZATION . * CITHETAI - -141 - *PH

THETA PHI1 VERY. "mR TOTAL AXIAL 7IL0 11431 HA41I I UK om'it MAGONITWE PHAK
KOKIES DIORIcI O 0 6 D S Do itA IO 1 0(0. V0061110 OCtote VOLTS/N DEGREES

a, 0. -9.11 -199.01 0.11 0.00000 0.00 LINEAR 7.6167ft-01 -1.06 1. 011441 -I 1 .1466
1.00 0. -8.34 -16". 91 -6.2'. 0.00000 0.00 LINEAR 7.4I6031-01 -1.06 1 1 604C -I1 6.76

90.00 0. -.6.1 -1931.310 -3.31 0.00000 0.00 L INEAR 419111104C-01 -1.76 1.03603t I I 0,16b
11.00 0. -3.70 -M3.39 -3.70 0.00000 0.00 L INEAR S. 331611- 08 -4,63 1. ft04K11- 14.0o
10.00 0. -11.01 -119.33 -11.01 0100000 0.00 LIMNA 11,449001-0* -6. 114 1. 11 44t- 11 17.07
6. 00 0. -11.04 -399.,111 -11.94 0.00009 0.00 LINEAR 4.2364 1 K- 01 -14.71 1 .717KI-Il1 19,67
20.00 0. -151.4 -900."3 -11.74 0.00000 0.00 LIMNEA 3,16440t-01 -17-32 1.?607K -11 11.78
26.00 0. -193.0 -330.399 -13.30 0.00000 0.00 LINEAR 8,010371C-01 -11.24 1,741631-I I &S. 33
40.00 0. -13.37 -041903 -16.37 0.00000 -0.00 LINEAR I.IhtW661- -107,7 I.723SU1 1- 14.41
46.00 0. -16.01 .6111W3 -16.09 0.0001J0 -0.D0 LINEAR 3.04l03C-01 -143.1 I.734l1o-11 IS.0of
110.00 0. -11.40 -3911.201 11.40 0.00000 -0.00 L INEAR 4,64449-0 -463,97 1, 7371 1t-II 181,01
63.00 0. -3.60 -3923.3 -3.60 0.00000 -0.00 LINEAR 11.4156SK-Ol -171.103 1I174054t .. 1 14.47
60.00 0. -7.40 -1190.33 -7.40 0.00000 -0.00 LIMNEA 6.1321K-Ol 174.2W I. 7594et - 1 3.31O6%100 0. -6.61 -30333" -S.61 0100000 -0.00 LINEAR 1,0117K1-01 196.51 I 7179"t -ItI 1.7II
70.00 0. -4.10 -3006'3 -4.10 0.00000 -0.00 LINEAR 1,l06611C-0l 157.11 1.90437t11 1.614
176.00 0. -1.30 -304,133 -1.30 0100000 -0.00 LINEAR 1.40313C-0I 143.10 1.11035K -I 1 17.11
60.00 0. -1.67 -0M.301 -1.67 0.00000 -0.00 LINEAR 1.31173K-01 141 .41 l.111401II 14W13
n1.00 0. -0.70 -0093391 -0.10 0.00000 -0.00 LINEAR 1.7171111-01 1233. 1. 0 137K11- 10,77
00.00 0. 0.14 -133.4 0114 0.00000 -0.00 LINEAR l6.1471t-01 186.91 1.O1170t1- I'll
30.04 0. 0.64 -I W1 0.64 0.00000 -0.00 LINEAR 8.13447t-01 110.81 1 0 331- ISK-1 3.15

100.00 0. 1.41 -1001111 1.41 0.00000 -0.00 LIMNEA 8.11"K-01I IS."3 1.10114t11 -0.71
106.00 0. 1.83 -1610,9 1.61 0.00000 -0.00 L INMAN 8.23I10t-01 100.06 1, 173111I 1 -4. I
110.00 0. 1.11 -1$1.66 E.1 0.00000co -0.00 LlNEAR #,4691141I-0I gal,.0, 1.16093t -I 1 -6.31
111.00 0 1.1% -In. 31 1.1% 0104000 -0.00 L INEAR l.506111I-0l 11, U 1.243 1KX-Il1 -13-03
110.00 0. 1.10 -137,3 99 .10 0.00000 -0.00 LINEAR 8,4057K-11 63.1b a I44I4M- Il1 -16.07
WO.0 0. 8.00 -117,66 C.00 0.00000 -0.00 LINEAR 8 .423761K- 01 ff.1 I& 136571:-11 -10.77
130.00 0. 1.61 -137.33 1.61 0.00000 -0.00 L INEAR 1.33171i-01 6674 1.63M -11- 44.41
131.00 0. .102 - W04 1.01 0.00000 -0.00 LINCAR 8.1731M -01 610,11 1.7181E7-11 -1.1,01
140 00 a, 011 -136.73 0.11 0.00000 -0.00 LINLAR IWl.3114c-0I 61.07 1.0041[I-I11 -31.11
14S.00 0. -0C. -114 -0.85 0.00000 -0.00 LINEAR I "11IE-01 B0.13 l.31611(-II -3'..10
IS0O00 0. -1.11 -136.1IS -1.11 0.00000 -0.00 1.I1NEAR I-SOOD& -01 30.03 3.0063K -Il1 -31.09
I11.00 0 -3.33 -31". 3 -3.03 0.00000 -0ý00 LINEAR I 1431 st-0I oi.l" 3.094 IfC-I I 1 -31.739
IG0.00 0. -6 Of -191490 -6.01 0.00000 -0.00 LINEAR 3.ý6s#43-01 10.3U 3. 17?37K-Il1 -41.31
IGIO 00 . -9.33 -1911.41 -3.33 0.00000 -0.00 LINEAR 1,4lI51-0l? 104.11 3,11370C11 -44.q7
170.00 0. -10.04 - ".13IS -10.04 0.00000 -0.00 L INAR *.033131-0l 18140 1.334676 11 -43.67
17% 00 0. -9.63 -1I3v.0Ok -3.13 0.00000 -.000 LI 1NEAR A.145131C-0 114.33 3.4~ -11- -44.91
6110.00 0. -1.13 -194.13 -1.13 0.00000 *0,00 LINEAR 1.0"i44C-0l 177.73 3.518Ml1-11 -50.61

1111.00 0. -6.34 - 194.61 -6.14 0.00000 -0.00 L INEAR *.'.2613-0l I-13n0.1 ,5311KE- IlI -1. so
1010.00 0. -4.31 -194.41 -4.611 0.00000 -0.00 LINEAR I -133419-01 -lt163.0 3.641771C-11 -54.15
110.00 0. -3.40 -164.18 -2.40 0.00000 -0.00 L INEAR I -mut 131-O -101.98 3. 73011t- I I -11.60o
100.00 0. -1.43 -194.0? -1.43 0.00000 0.00 L INEAR 1.464071-01 -146.30 2 11701K- IlI -56.91
105.00 0. -1.66 -1932.61 -1.611 0.00000 0.00 L INEARA I.5661C-0 1 -140,77 3.94431- IlI -W6. 0
110.00 0. -1.09 -103363 -1.01 0.00000 0.00 LINEARN I -700614 -0I -114.51 4.0314K -I 1 -13.10
115 00 0. -0.61 -133.41 -0.11 0.00000 0.00 LINEAR I.30S1IK-01 -1In,.0s 4. 1 16131- II -13.36
el'i 00 0. -0.11 -1933.1 -0.11 0.00000 0.00 L INEAR I1 3104SC-01 -ill.## 4. 134K-Il 1 -60.67
IM 1.00 0. 0.13 -193.13 0.13 0.00000 0.00 L INAR 1.365401-01 -114.1s 4.1101RO-I -31.11
1730.00 0. 0.41 -193.00 0.41 0.00000 0.00 LINEAR l.03107[-Oi . 0o.." 4.2 33011O-lI -61 W
efta.00 0. 0.66 - 1.3 0t .66 0.00000 0.00 L INAR l.0311w-01 3111. 67 4.2395601- -GI 77
3P40010 0. 0.-15 -191.79 0.6 0.00000 0.00 LINEAR 1.12503-0I -01. 46 4,#4416-1 1- -61.77
145.10 0. 0.37 -31w. 73 0.67 0.00000 0.00 LI NEAIR l.I16460K-0 1 .9.41 4.47316E11 -$I So
no0.00 0. 1.01 -131. 70 1.01 0.00000 0.00 LINEAR l.I174731-a01 -73.'6 4.4110K- I -&1.10

0.1.0 0. 3 -. 1081.69 0." 0.00900 0 00 L INEAR 1.161479-01 -,I.=1 4.4§1111-11 -60.61
0o 00 0 0.30 -131.7 3 0.30 0.00000 0.00 LINEAR ll1171 -0l 41.41j 4.h.74q1%-Il -13.600
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36s100 0 0.51 -1.0o0 0,5b 0.00O00 0,00 LINEAR 1. 083K2-01 -. 17 4.4390KK-I1 -51,77
270.00 0' 0.12 -194.91 0.12 0.000D0 0100 L INEAR 1.211401-01 -3.I3 4.38i1t-I -57. SO
R75.00 0. -0.32 - 13.06 -0,38 0.00000 0,0D LI[NEAR 1.12311O -01 -41.71 W 4.306141-l1 -W6.04'
160.00 0. -1 .0 -1•3,4 -*.01 0 00000 0.00 LINEAR 1.711361-01 -41.716 4.216ITE1l 1 -54.2W
M0,00 0. -1,77 -. 4Il, ', -1.77 000000 0.00 LINEAR 1.3119 -C01 -M.46 4.,106311'-.•i l -" -.3
no 1.00 a. -2.0• -113,14 -8,23 0.00000 0.00 LINEARl .riWcoft -*n.41 ,• 2.6411-4li -|0.
130.00 0. -3.6!0 -110.05 -,0 0.00000 0.00 LINEAR I.Pmm-ol -n.2114 3.4114oe1-g1 -ic.,,
300,OO 0. -4.6U -19,440 -4,62 0100000 0,00 LINEAR 1. 137sx-01 -13-.71 3. 6901K- IA -4•.05
$09.00 0. -5.66 -11i.71 -11,41 0.00000 0.00 LINEAR 1.00123K-01 -16.02 3.930i$- 11 -41.11
310.00 0. -3.66 -"1.10 -6,M6 0.00000 0.00 L-INEAR 6.39114 -01 *16-30 3.361 -II -M.,3
211.00 0. *-7.6 *-16,44 -7,15 0.00000 0.00 LINECA 0.116IIS-01 -14.01 2. 1,i K -Il -5.10
No.00 0. -6. n -16.11 -3,2 0.00000 0.00 LI NEAR 74,1i01-08 -1f.31 2.021, 11- -21.83
3m. c . -*.71 -16.99 -0,11 0.00000 0.00 LI NEAR 7.1010K-01 -11.01 1.9703-X-I1 -07,1
320.00 0. -1.01 -1*7.07 -I.11 0.00000 0.00 LINEAR 6.I.WK-W02 -9,3. 1. l749K-l1 -13.,1
213.00 0. -3.1f -137.11 -Il 0.00000 0,00 LINEAR 6.1120-1"0f -0.60 1I.06111-I -11.13

o40.00 a, -6.71 -10.01 -8,71 0.00000 0.00 LINEAR 7.?101WN1-01 -7.81 #,4VlT.17111 -1.11
2.6.00 0. -3.46 -116.46 -6.O46 0.00000 000 LINEA 7N.163-01 -1.71 1.311 Nll-Il 10.61
210.00 0, -3.22 -I"," -6,12 0.000o0 0.00 LINEAR 7.6I0271-0l b.a.7 ,10,8031 ll -1 .10
150,00 0. -.. 01 -111.11 -. 03 0.00000 0.00 LINEAR 1,U6216-01 -3.01 1,I0781[-II -1.61

230.00 0. '1.11 .1".61 6.11 0.0000O 0.00 LINEAR 7.6167K-08 -2.16 ,l0116m6-II 11.0

DATA CARD NO. I IX -0 1 1 -0 1,00000100 0o. 00 0. 0.
DATA CARD NO. f 90 -0 -0 -0 -0 0, 0. 0. 0. 0. 0.

. . . ANTiNN. INPUT PARAMETEI . . .

TAG k. VOLTAGE IV?1.?l CURRENT IAPS) IMPEDANCE 10•H1l ADMITTANCE I11O$1 POWER
NO, NO, REAL IMAO. REAL IMAO, REAL INAG. REAL IMAO. IWAYtII

0 1,000001.00 0. ,S01MK-01-6.112111C-0 6.'.3I26210l 1.187039401 1110I3-01-.1,1113S-03 7,11113-03

- - - CULRREN?1 NS LOAN ION - - -

DISIANCEI IN WAVIL9NOTHIl

%t0. T•A CoRmO, or 10. CENTER SE0. - . . CPRmINT I•AP - -. .
40. NO. ll LEN ,4IN PCAL I ,AG. wA, PHAE

I 0. 0. 0,1141 0,0410,6 -9.0,01-04 1.11,1-023 1.1W0-0 117.U N
1 1 0. 0. 0 1401 0. 046•42 .1-7.176K1-04 IS0-1.0 IIIPE-0 17,605
2 1 C. 0. 0.11 0.07660 -01,7M.04 I.C1010[-03 I,11NIC-03 117.170
4 1 0. 0. 0.M41 0.,046118 -I.16MM*-04 4,16M'-04 9.1017C-04 116.10
5 & 0.161 0o 0. 0,06470 1.110M-al -6.131t-03 10 I6401-01 -14.707
* a 0.1374 0. 0. 0,09470 IU30O.01 -1.404X1-03 lSSl-ll01 -1.116
7 1 0.m1II 0. 0. 0.05470 1.140I, -01 -6.7•01-03 1.2I1K-01 -30,740

o f 0. 4 . o0. 0. 0.05470 7.36[-03 -.. 02111-0. i.5111.-03 -3..477
2 1 0.401, 0. 0. 0,05470 3.21,0r-03 -1. lSIK-03 3,I11$K-03 -2.6Ul

....- 14.1PACE PATCH CUCRENTI .-. . .

DISTANCE IN WAVELENGTI4•
CURRENT IN AMPVlMEEN

- - IUN9CA Co 'NTS -.... - CTANILAR COM0ENTS - -
PAYIH Cc I? C A ANGENT VECTOR I TANGENT VECTOR I x y

S Y 2 MAO. PHASE MAO. PH4ASE REAL IMAQ. NEAL IMAO. ME AL I"MA

. I51 0 0. 114 1,-5751KI -It-14.3• 24.09O.01 140,1 0. 0. -1. ,4[-lI -1.I71-II -. 101-01 l.5S1-01

U. I55 0 024 0.014 I,621-01 153.9 Il. M6OE-08 Ill,." 0. 0. -7.711-01 31.W-08 -7. ON1-01 4.04--0

0.15 .0 024 0.04 M 1.631M-01 -16.11 9.lMOC-01 I12.1 0. 0. 7.119-01 -3.61-01 -7.31*-01 4.04[-01

Il -0 12 .-. 0lo .631?1-01 -11.11 1. l1131-Of -16.11 0. 0. 7,'11-08 -3.1"-02 93 IK-06 -4.021-02

0 INA 0.0'4 -0,014 0.631]K-01 153.81 9,518M-01 -1.1I 0. 0. -0.719-011 2.11-01 IAK-01 -4, Olt-Of

0.115 0. ,,0.114 1964t-Il -130.10 4.1114t-01 -11.70 0 0. -1779-18 -. 041-Il 2,31[-02 -1-,K-01

0 IM 0.070 0.114 1.23X1-01 121.33 1.2101ro01 I19.31 4.61-0-2-7.,4 -0C3 -601[-03 .11M-0W -1.4-1-02 l.71C-0l
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6

0,1 006 .35740O 'iu .aco l 1.6 -1, -IKI-O -1.51C-02 1,01I-01 1. See-a 3 54t
3,613 0.0710. 1 0 s 1 .756E-02 111.04 2.30971-09 -4S.71 1.4K-03 -7.44E-03 -8,0t-03 1.1-1-02 i.61t-O -l.65t-0i

10
0.107 0. 0.171 I,01IK-0 0I.1M.0, .338 •- 60.61 . 75E-03 -. 301i-U -. X-61 -S,|r- 1*0a 0

II
0.000 0.11 0.114 1,361C041 P6.6| 1,11?K-03 100,04 -71tU-0 -04I.6K-Si 1,68=0i- -9,211-3l 1.743-0 %.601-03

13

0.071 0.11S 0.i .1601-01. 103.6 1.33101C-03 10 31.7I1-03 -1.0IM-08 -1.1141C-03 -. %I.-l 1. 3X-03 7.M 6-05

17

0,070 0,115 -0.114 1.6654-08 i7.4% i.1 K71-03 -511.0 -7.661-03 -1.441-01 -1.1-Il*0 1.1M10-l J1."6-03 -G,171-03
Is

-0,000 0.163 0.171 1.6MK'7103 6 6.I 1,671Hi0-01 0,7M -7.$K-1-03 -1.71i-01 -1.0911-It 1,00t-1 1.0C I,01-0
Is

-0.01 00 CASS 0. 1,16110-01 -0.40 1.633101-03 -3.84 -56,7K-03 -1.01-01 - 04•o13 *iM*•1o 1. 33t-0 3 00.|X'0s

17
-0.076 0.131 -0.114 .Ifa Mat3-0 3481 .6619-03 -11.39 -7,111-03 -1.151E-00 -1.099-13 -139E11110 -1.6%-03 I .61-06

Is
-0.07 0.03 0,171 6.6*17t-03 "111.91 1,119-08 703. -6,61-03 ".,l61C-03 -i.67-03 -,33.l-03 13-0, -. 1-0,

91
0.0%6 0.093 -0,171 ,1A0I - ,-08 34.41 i,64'E-0 -10644 -S9.0-03 -1,71A -03 -,.M01-03 3.i61-03 0. 01to ,',

-0,076 0,175 0.114. 1,4233-01 31.89 1,10K-03 -17•1 -*.X-03 -6.161-03 -6.41f-03 -3.01C-01 -1,%.7-03 1,16-0S
11

-0.071 0.06 0 1 6163Cl-03 34.16 1.3371K-03 3.10 -6,911-03 -•.§K-03 -3.17C-03 -1.7I6-03 1,34-03 7.,1.-05

• 0,070 0.13S -0,114* 1,0I.0601|0 34.61 ],i644ft-0] S.05 -1,00t-03 -SAX71-03 -5,10[-03 .),AM-03 I.SX-03 1.11C.04•

91
-0,13S 0.07I 0,116 6,7•3X-03 U-,41 4,,IN61-03 -79.8M -3,1I1-03 -1.1M-03 -5.4-03 -1.1X-03 -4,81C-03 -S. IK-0t

-0.01'. 0.063 0,17 1.6683-03 3.16 I.3631h-0l 67 ,0-1,ll[-01 -7I,0-03 -4.61-0% -4.00K-03 0 ,]-0. I[
14

-0,06I 0,063 0.11 0.6061-0 37.8M 1.3441E-01•- ,% -1,01t-03 -,I6.1-03 -,1. -0 -1,71101-03 0. 0.

16. -0,13 -0,000 0.11% 3.17301-3 81,44.61,141K1-03 51,76 -1.011-0l -,•01-li M .16oIl -03 ,K-Il -6.10C-03 1.111-04
RS

-0,111-4,000 0.1,11 46-Il 113.19 1,.ý347-03 3.064 -1.109-1 -,143I 1,-0 1-3l -. 71,-Il -. 361303.'. - 1 -01

30
-0.15 -0,000 -0.114 3,331S-11l ,*1.•7" 6.3064-03 1.13 -1.06K-lI 8,9-11•-lI 865C-Il -1.08C-I1 6.10C-03 9.34E -.04
31

-0135 .0,076 0,114 6.743X-03 -1971M 440SM66-03 -i171,2 -3. IK-03 -1.M-0-03 6.4C01- 1. -03 -4.11C-03 -. IK6-01

-0,131 -0,078 0, S.,0611-03 -11.44 1,344,1-03 3.10 -1.61.-03 -1.03-03 4.011-03 1,7K-03 I.14-03 IS11-05
33

-0.131 -0,076 -0.11 56.730S1-03 -1157,6 6.141S-03 6,87 -1.11.-03 -1.i91-03 S.3K-03 1,111-03 6-101C-03 6 411-04
3%
-0,101 *0.000 0,111 IWO[,0-01 6 4 6 03061-IC 15.11 -1.141-Ol -1.90C-03 -I2,1,,lIt -1.IK-Il 0. 0
35

-0.10" -0,000 -0,171 .i164K-0 0 it 24 3.1161EIl• -1149i -I 04•1-0 -13,1%-03 -1iM-I -*3.i-7-l1 0. 0.
36
-0.010 -0 In 0. 1Pi' 1.1,031-01 -145.71 i 6961-03 79.30 -9 031-03 -5.IK-01 1-.13-03 3.%K-03 -.15'1[-03 I M6.-05
3-,
-0.0-M -0 135 0. 9.6163t-03 -1.4%.7 I 337ZE-03 3.21 -G. 6*-03 -4, 62-03 3,27E-01 2.71t-03 I .33-03 7.661-06
is
-0. 011 -0.135 -0.114 1.1601•0-0 -14•.56 3.6442C-03 5.06 -6.00C-03 -6 171-03 l.VO0-0 3,61K-03 3 SX-03 3.21E-04

39
0 000 -0 16 0.11'. 1,396SE-02 -104.36 1. 9I0 -03 69.01 -7.80C-03 -1 -1I-01 -4.3,1-Il -C.381-Il• 6 S 1 IC-06 60*-03
40
0.000 *0.150 0. 1,16E0r-02 -11.65 13310c-03 3.41 -. 76-01 -1.,OU-00 -3.15E-I -6.67C1-I1 I.SX-01 7.931-05

0.000 -0,115% -0l11 I.139SIC-O -It- 36 .I0'1O"-03 .1I 00 -1.66K-03 -I.1t6-02 -4,31-M1- -. 31M-18 1."C-03 -1.171-03
41

-0.054 -0.093 0.171 •,•9231.03 1.11 1.3634t-02 -141.16 ,I.R0r-08 -7?,C-03 4.,@1-0', 4,001-03 0. 0.
43

-0 ^.t' -0.093 -0. 171 S.66EC-03 37.97 I, I -360K-01 3N.6 -1 I16-00. -9 IK1-03 I1.21-03 I l- N-O 0. 0.
'44
0 -01 -0.135 0,114 1.67101-00 -M. .4 6.22M-03 106.04 -6K-M-0 -I 4K-01 -3.EK1-4 -0 .- 3M-01 -1 .11-03 WA9--03
'.1

0 076 -0.131 0. I ,767-Of -78.60 I. 131 -03 1.60 3, IK-03 -1.3X-01 1.440-03 -7.67[-03 1.33X-03 6.19-05
46
0 073 -0.115 -0,114 1 . 54E-02 -WA 1 6.6111K-03 -MS.0 -6-43C-04 -1 4%E-01 -1.711-040 -11,3M-03 J.61P-03 -6 66K-03

44

0 135 -0.076 0 1 164I1E-? -36 of I A3?1-03 2.35 I.461-0 -I1.161-09 2.171-01 -l11.0l-of I 3M1-03 5_4X1-05
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004-0,079 -0.114 ,1.771E-03 -M.17 1.30741-02 -403,71 -7.1I1-0 -1-44C-03 -1.001-03 1 A?33-011 0.&K0 -I0.
0,0034 -0.093 -0.171 1.547[l-03 -N11, 1 N -O 707,2 -.1 *.1-03 -1 jW-0j- .1.40-QO 8 3lUI-04 0. 0
%I

0.086 0,004 0.111 1-01119-01 -91.14 1-611001-03 W -u3 -1.10C-01 *a.OK-0 4.04C-02 -¶7,K-03 0. 111
'3
*o0.08 0,086 0.171 1,89174(.O -114.001 .19esK-03 -44.11 -1.M-01 - 1.3W -03 3611-03 -1. 07C-03 0. 0,
gig
-0011R -0,016 0.171 1, 114 01 -1 74.00 I.ON4K-O3 111.49 -1.M1-01 1. 3U-03 *3,U@K-03 I. 071-03 0. 0.

0,016 *@0.09 0.171 1.01119-01 -97.1 8.1601K-03 107.117 -1.50E-03 -84l.01~O -4.049-03 7.7K1-03 0. o.

0. 0. -0.171 1.30SK01 -186I*.31 f4,7rM-.1 ff. I -7.7N1-03 -I .O*08 -3-1114913 *4,711-Il 0. 0.

POMPf NUMT .-

INPUT POW~ - 7,1113K -03 WATTS
RACIATOI P0W[Ra 711i301-03 WATTS
StRUCTI*C LOSl. 0. WATTS
NtlbdOW LOIS a 0. WATTS
9rPICl1NCV * 100.00 PICICNY

IS AIIOAON DATA . .

- OP I C0*.NO IKlb(CN M AXIMUM -J - - fOR MAXIMM COl.DLINO .-
11CO. WO0 COUPLINO LOAD IMPCDANCE iM O , I1 INPUT lIMPOANCS

7A~ovSo. No. TAO60. NO. 1091 REAL IMAO, PC AL IMAO,
I I I 1 I -13.701 5-14K01.O -8411N31'0I 1-Ul131.0 -I.1643U.01

D.. ATA CARD NO, 7 EN -0 -0 -0 -0 0. 0. 0. 0. 0. C.

I"1* TiNI* 3.6
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EXAMPLES 7 AND 8, SCATTERING BY A WIRE AND AIRCRAFT

Examples 7 and 8 demonstrate the use of NEC for scattering. The columns

labeled "gain" are, in this case, scattering cross section in square wave-

lengths (o/X 2). Example 8 is a stick model of an aircraft as shown in

figure 19.

(24, 29.9, 0)

linc

y - - -

(2, 11.3, 0) .00 inc

\ (6, 0, 0) _(4,4, 0, 0) •6
(0, 0, 0) 0 0) ( (68, 0, 0)

-Tail from (6, 0, 0)
to (2, 0, 10)

(2, -11.3, 0)

Coordinates in meters

(24, -29.9, 0)

Figure 19. Stick model of aircraft.
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Examples 7 and 8 Input

Cmsoft. pmto.Pi raP NEC - SCAtEmiNO osy A mic
cm I , sTAI0oN MilK - rot SPACE
Cm A. STRAIMT? WIK - OICOECT? 0ROO
CM 3. STRAIGHT WIRE - FINIMlY CONCTINO OPKON
cc ISIO.1.01,-' . ciPS.@G
Gw a Is "1. 0. 10. S., 0, to. .01
G[ I

PU I I 0 0 3,
9x I a I 0 0, 0. 0. '.* 0,
Ap a I I 1000 0a 0. 4S, 0.
ON I
EX I I I 01 '.. 0. 0.
pp a 12 1 I000 s0. C. -lo. 0.
ON Ill I,00 -0*,4
mm 0 10 I 1000 t0. a, -IO, o.
NM

CmlLAP.[ Pmtg.Em roR Ntc
CESTICK MO0CL. OF AIOCRArl - rmCE SpACE
o, I 1 0, 0 0. sl 0. 0. I.
aw a I 6. 0. a. 44. 0. 0. I.
ON 3 44, o 0. a. sI. 0. 0, I.
o0 4 0 44, 0. 0. 14, 4. 11 0. I.
OWU S 44,, 0. 01 14, -81,11 a. I,
o0E I 1 6. 0. 0C. , 1i,3 0. I.
oN I I a, 0-. o 1 a. -II,3 D. I.
ow, a a C 0. 0. A C Ito I.

rm 0 0 0 2
CX I 1 0 0. 0.
AP 0 I 1 1000 a. , 0
EX I I 1 0 to 30 .90,
fIP 0 I 1000 to. 20.
EN



Examples 7 and 8 Output

O e. e. Seee**eoe~e~ eeoseeoeo***9 .. **.**

NUMERICAL ILICTROtAOI(TICS CODE

- - - , 0Wg[NTI-. .

SAMPLE PROBLEMS FOR NEC ICATTERINO BY A WIRE.
I. STfAIONT WIRE - FACE SPACE
I. STRAIGOHT WIRE - •F[CI GROUNO
3. 5T70,tA T WINE - FINITELY CONDUCTING OND

I1,O,10 ,[4 MH01SIM EPS.I0.I

" SYKCTUC R SPECIFICATION . . .

COORDINATES "I1 K INPUT IN
MIETERS OB E SCALED TO METERS
BEFroRE $?UCTUI. INPUT I CENIED

wine NO, Or FlRS? LAST TAG
NO. ' III Ve RADIUS 1(0. SCO. srO. NO.

I -51.00000 0. 10.00000 $5.00000 Q. 10.00000 0.01000 Is I 1I 0

Oft" PLANE SPECIVICO.

WER• WIRE ENDS TOUCHN GROOI.M CUNRRNT WI6L K INTEfPOLATCO TO IMAOGE IN GOUND PLANE.

TOTAL ,, tNT, 1.15(0. 15 NO. SEO. IN A SYMMETNIC CELLO It SYPIETRY FLAOv 0

-- A- ,- M U L T IP L E W IR E , N TI, ON S -IP JUNCTIION SEGMENTS t- roR END 1. 4 for END 11
NONE

- - - -. COMENTAT ION DATA . . . .

COOROINATS IN KWIMS

10 ANO I- INOICATE 1THE UKONTI KrOK AM Ar•tA I

KO. COOn INAS OF %CEO. CENfER SEG ORIENTATION ANGLES WIRE CONNECTI0N DATA ?TA
NO. Y Z LENGTH ALPHA K)A RAD I US I- I I* NO.

I -51 3333 0. 10.00000 7,31333 0. 0. 0.01000 0 1 0
N -4'40C000 0, 10.00000 7.31333 0 0. 01910u0 I a 3 0
3 -M.N4W7 0. 000000 7.31333 V 01 0.01000 1 3 4 0
4 -42333133 0 10.00000 7.33313 0. 0. 001000 3 4 5 0
5 -11,00000 0. 10,00000 1,333•3 0. 0. 0.01000 4 1 S 0
6 -14.SM7 0. 10-00000 7.33333 0. 0. 0.01000 1 S 7 0
"7 -7.33131 0. I§00000 7.13333 0. 0. 0,01000 1 1 1 0
! -0 00000 0. I0 00000 7.,3333 0. C. 0,01000 1 1 I 0
S7.33333 0. 10.00000 7$3333 o. 0. 0.01000 1 1 10 0

10 14.,1M7 0. 10.00000 7433313 0. 0. 0.01000 I It II 0
II 11800000 0. 10,00000 7.33333 0. 0. 0101000 10 I| It 0
Ii 1 '133333 0. 10.00000 7.33J|3 0. 0, 0.01000 II If I3 0
13 a GMI 0. 10.00000 1.33333 0. 0. 0101000 it 13 14 0
14 44.00000 0. 10.00000 1.33333 0. 0. 0101000 I1 14 I 0
Il 01l33333 0. 10.00000 7.33333 0. 0. 0.01000 ;4 is 0 0

" DAtA CARD) NO. I o uA 0 0 3.00000[,C 0. 0, 0. 0. 0.
• ~ ,.* CaAN NO.O 8o EA I I I 0 0 0, 0 4,IOO[O*01 0. 0.

'* DATA CARD NO. . MR 0 8 I ? 1 0 0. 0, 4.50000C400 0. 0. 0.
O C-135-



FREMNCY- 3. 20000(000 MH12
WAVELENOIN- 9.9233E-01 METERSi

APPROXIMATE INTEGRATIONI EMPLOYED FOR S(O(N?1 MqOREI NAN 1.000 IIAVILING1WI APART

S IIUCTIFIC IMKPOANCC LOADING

THIS fTRICU~cT is NOT LoAcID

ANTENN4A CNVIROMCII.#.
MIE SPACE

MATNIK TIM4ING .-

rILL- 0. 013 KC.. FAC TORG 0.00 KC,.

EXCCITATION...

PLANEC WAVE THET*. 0. DEG. PHI" 0. 010, ETAs 0. 010, TYPI -LINEAR@ AXIAL RATIO*.0.

- CURRIENTS AND 60CATION

DISTANCES IN WAVCLINOTI4I

1(0, TAO COONO. OF 110 CENTER 1(0. CURRENT iA1911
NO. NO, K v LENGTH OK AL IMAO. HAG. PgHgg

1 0 *01511m 0, 0.1001 0.07330 *61,611OX-@' 10,671#-03 It. II U- 03 109, M
1 0 -026466 0. 0.1001 0.0723 61,5914-03 *'..1'60-03 1, 7617M-03 03.,11
* 0 *0.'.661 0. 0 001 0,07331 6.16141-03 -4.84W-01 1.7f761-03 -3.714
4 0 _01111135 a. 0:11001 0.07336 MIN.16-01 -I .14937t -001.l4331110 -37.61111
5 0 *081010 0. 0.1001 0.07338 3,0734C-01 -1 ,740KC-01 4.111110C-08 -41,7M1
* 0 -0. '.66 0. 0.1001 0.07233 4,11011.01 -3.61111-01 0.001E-01 *43.440
7 0 -0.0734 0. 0,1001 0,07334 4 1171-01 -4,11111111-0,1 4,7367CE.O1 -44.130
* 0 -0.0000 0. 0.1001 0.07338 1.,0611-01 -.46WE7-01 7.181OC0(- -44.414
9 0 010734 0. 0 1001 0.07238 4.6611i-08 -4.0 4110301 6.7367C-1 -44.13C

to 0 0. 1461 0. 0.1001 0.07231 4.11 0I1.0 -3.6W11-01 1.401W-01 -4.3.440
11 0 0.1101 0. 0.1001 0.07236 3.0734t-00 -8.74061-01 '..U611C-01 -417116
lt 0 011935 0. 0.1001 0.01331 WIK61-01 -1.4027t-0f1,8433K-01 -271111111
13 0 0.26 0111111 . 0,1001 0.073311 0.1196t-03 -4.8490t-03 6. 7111111 -03 -85.734.
lio 0 0.4403 D. 0.1001 0.02318 1.00641-03 8. 1976-03 1.711&C-02 S3.170
15 0 0.017 0. 0.1001 0.07336 -IIlK0 .6711-03 8.716bt-02 109,090

. . MAOlA~TON PATTERNS-

- ANGLES1 -04 PO~ AINS - -- - POLARIUtI0N -- I ITKfTAI . .II .
INCYA PHIg VERY. Hop. TOTAL AXIAL TILT 1(461~ MAONIWtLO PHASE MAON I YUO PHASE

010111 0101111 of D6 D6 RATIO DI0. VOLTfjfM 0101115 VOLT51" 010111
0. a. -11.6n. -1199.1 -If." 0. 0. LINCAA S.412111'00 -65.92 0. 0.

45.00 0. -16,23 -11".M -16.32 0. 0. LINEAR 2,41567[o00 -log."6 0. U,

- - .. CACIIAT ION . . .

mm-t M .4AVt THC4TAO 45,00 QED, OHIO 0. DI0. ETA. 0. DtG, Tvpc -LINC&Pm AXIIAL. RATIO.-0.
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* -CURRENTS AND LOCATION -

DISTANCES IN WAVELENGTHS1

SEC. TAG COOKO. of SEC. CENTER 1(0o, CURRENT IAMP9I .-
NO. NO, 9 y z LENGTH ACAL. IMAO, MAGI PHASE

1I 0 -0.1137 0. 0.1001 0,07336 -1.41K 0 6101 1C 1.61-00 11,427K-Ol -111.63

I adO -04 3 0. 04P1001I* 0.*3 POLIIZTIO410*-O --- IltiItAI ------11 .i3010

31flC 0 -0.M 9 0. 0,10 0,06 3 f58"l~t 10 0910. 2tO 1~. Y 131K-0 -C11011 MCl(
4 o -a, *iii o.o 0~.100 -0.403 09.7 11 -0 1.06071E-0 I.113 COl -110. 10

SATA CPO.NO1N0 ON0. 0.-100 0 0.013 ISS -1-. 3 -1 1 18K0 1 0.1 .0.

1~A(R O, I C 0 '49.000C*.1,1D .0311 ,8Ot 03 03,69t0 10.69 0 -n , 1710

"S.0 OA0 CaN . 64 0. 0.100 0. 0 003 G.0000001 0.51K 0 1,9I7.00008 1 0

4 u imis o. 0.~1001 0.0733UM 9.110? -O 9.0M 01 114110 N 31

Is 0 015137 LL. 0.1001 0,073M 1AT . 00~t f1 .0 41- 1.37-C.6,9

RXI A DITO IONC4.

#JJALCS . . - POE CAN -~~~? AP L PAOLAIAIN--- ...NTITIEAI

INETA PM I VIEW. ON.IT CIALI AXAV L TL U INAGIUD HSI AGIUE HS

DEGEE NO. t o DO DID ¶1 RElAL DID . MVOL vs14 WAI(LTI 0011
a. 0 0. -170.3 -910.10%01 0.31 0. 61 -01-.11 LINEAR l.4lI- O D - 104.4603a
3O 0. -0360 0.4 909.4001 0.4036 D.97KC 0. 61- A 6.311371-00 -73016C

4to DAT CARD3 NO . 0 N 1 .100 0,013 1.9660 - 0.IICC 0.0 0 -7246,
640 DAT CARD0 0. S10 0073 I I 1 21K-C0tol -96741C 0.cao 07.30.30
$feDT CAR NO..61 0 R 0 100 0031 1000 661-0Cls~ 07.93C ?.749(0co -7l0.9690

g a o~o,3 FILL@ 0.1001 0E. 0 ACTO6 0.071- 0 S.4EC0, .966a 0.7

--- ECIATIN 3.. -



10 J 0.11466 0. 0,1001 0.07336 ..00KI -03 7.11101-01 7.71141-01 67.0117
I 0 0,1801 0. 0. 1001 0.0713 7.5SI01E-03 111.11M '-01 9.90I|C-0 1115.120
i a 0 0.1931 0. 0.10011 0,07336 1.153•-l 1.0154I.C-01 1.03&K-01 3. •-14
ii 0 0. -369 0. 0,1001 0.07336]1 i 39.3K-02 i.0979K-02 l.(07?]-01 31.061
21 0 0,1.03 0. 0,1001 0,07336 1,15 6-01 6.0735C-01 6.02.1-0Al 75,M6
Is 0 0. 11r 0. 0.1001 0,07330 S 6141I1-0 3 8.arvUu 1,IMg-U 71.tl

- • , RADIATION PA??TIT 6 . . .

AN0k 15 P .IIIR GAINl I I * -. .l.-POLARIZATIO -m - t. g l . . . . .Ii NI. .
TCTA IPHI VERY, O1, TOTAL AXIAL TILT SINK POA I TUI PmHAS MAO"I T01 PHASE
¢010C1$ 010111 a6 CA1 as RATIO 014. VgLS 04 COMES VOLTS.NI 0190111

20.00 0. - ." .- "56. 11 -9691.1 0. 0. 3.115,IM-0 -0.6 Q, 111.
60,00 0. -1,71 -166-,0 -3,76 0. 0. LINEAR 4.06,M -01 -I71.113 0. 0,
10.00 0. -.. 1 -906.66 -04.I 0 0. LINEAR l.11ll0*0 -17114 0. 0,
00.00 0. -16.I -9.6 .l6,69 0. 0. LINEAR 5.43161t.00 *-17.38 0. 0.
10.00 0. -*4.10 -M,9 -14.10 0, 0. LINEAR l.4966X.,00 -171.W 0. 0.
40.00 0. -11.00 -m .5 -11.00 0. 0. LINEAR 7.062471.00 -171.00 0. 0.
30,00 0. -ll,71 -666.6 -11,77 0. 0. LINUA 7.110I..00 -174.01 0, 0.
10.00 10. -14.31 -696.96 -11.39 0. 0. LINEAR 1.riwacoo -rg a 0. 0
10.00 0. -. 51 -9111661 ". -. 17 0. 0. LINEAR I,.Il0oo -170.3N 0, 0.
0. 0. -10,3 -6 96.6 -16.3I 0. 0. LINEAR I3. 3K*00 3.10 0. 0,

•10.00 0. -11.31 -96.11 -1.31 0. 0. LINEAR 7.N• 4,6100 4.•4 0. 0.
"-10.00 0. -6.6 -666.66 -6.6 0. 0. LINEAR t,000•100 1.71 0. 01
-30.00 0. -0,11 .166.11 -•, -5 0. 0. LINEAR 1.0063*01 1.06 0, 0.
"-40.00 0. -10.60 -" .66 -10.60 0. 0. LINEAR 1,316011"00 1." 0, 0.
"-10.00 0. -1",70 -5". " -13.71 0. 0. LINEAR 6,17111.i00 6.49 0. 0.
"-o0.00 0. -"1.56 -m.66 -"6.9 0. 0. LINEAR 3.31,]I 1.00 U1 0. 0.
-70.00 0. -171 -1119.1 -•t.71 0. 0, LINEAR I.460960100 6,3 0. 0.
-10.00 0, -37.0 -65.6N -37.90 0. 0. LINEAR 3,"17K--01 01163 0. 0.
-30.00 0. -m. -6.66 -6516,6 0. 0, 3,01164-11-11 11.11 0, 0.

4 DATA CARO No. 7 0N -0 -0 -0 -0 *1,.00000c*00 1.00000c-04 0. 0. 0. 0.
@t i DATA CARO NO. 6 MP 0 i2 I 1000 2.00000C001 0. -I,0000001 0. 0. 0.

- - .?IR•ICT•IK I•PCANCF LOA.IN - - -.

T1H1S STLRCTURE IS NO? LOADED

. . . ANTENN.A ENVIPONPCNT -- -
rINITt 0L0J4O AtrLACION C0IEPICICN? AP1ROXIMAMION
RELATIVE DIE.LECTRIC CONS?.. 6.000
CON)••CTIVITY. 1,0001-041 MHOSIONC0[TIN
COMPLEX DIELECTRIC CONITANTO 1,00000[*CC-5. •6OCC-01

-- - MATRIX TIMING

rILL, 0.21% WC.. IPrCdON. 0.010 ICC.

- - - EXCITATlION - - -

PLANE WiAVE TNL.,A. 1.5 00 DEC, P141. 0. 0(0, CIA. 0. 0(E0. TYPI -LINEAR. AXIIAL RAAICI-0.

- - CLAIEWS ANO LOCATION - - -

CIITANCEI IN WAVELINOt•ilN

s0. TAo COMM, or 01C. CEN1•ER K10. - -. CUMRRNT 2*1912 - - -

NO NO X V I LENGTIH R AL IMAO. MAO. 4MAli
I 0 -0_Q113 0, 0.100a 0.07336 -.7,48.47903 -., 6079-.0 1.147471-01 -1014,06

1 0 -0,1.403 0. 0.001 0,01336 -, i626-01 -S. 1M5 - 6.M171-GD --I0.413
3 0 -0.126 0. 0,1001 0.07330 -3.3119-.M -6.73, 1-M ,INK- -*III.1

-138-



4 a -0.193 0. 0.1001 0.07220 4. IIX01 -Cl *9706108 1.051K-01 -111WKS
C -0,8801 0. 0.1001 0.07323 -4.06111VOR-Cl.301*K-Cl 9.034it-01 -114,.110111
0 -0.1468 0. 0.1001 0.07339 -3ý IWK3-01 -5.6167W- 7.511117t-C? -114.005I 0 -00,734 0. 0.1001 0.0733 -1,S1)K-08 3. IW -09 4,03 -2 -11,49

I a-0.0000 0. 0,1001 0.07233 4.00731-02 -. I0031-03 4.771'7t-03 -15.413

Ii a 0.0236 C. 0.1001 0.07331 3.4041K-G 1.1-01 3. 1I -144IN0C-O 4,0133
10 0 0. 440 0. 0.1001 0,07331 6.317M-Cl 0.64%K01-C 1,61134-01 47. IV

IS 0 0.5137 0. 0. 10011 0,07336 1.719CC-Cl 1.11K-C8 1. ISM-02 34.43N

R ADIATION PATTERNS

-- ANGLES - - PCI.R GAINS - POLARIZATION------------ CIIEA1--------------IPIPJ
THICTA PHI VERT. HMOP TOTAL AKIAL IILT SENSE MAGNITUDE PKAM3 MAON I IUK PHASE

~OmCOu OCORcS GO 03 DO RATIO DE0. VC0t1"M 0(m11 YCLYSim DEGREES
9o.0o a. -$"" 99 9 - 229.12 a3u , C. 1 OMS110-l 105*1.09 0. D.0
60.00 0. -81113 -999.32 -11.13 0. C. LINEAR 1.4731X400 17390 0. 0.
70.00 0 -17.23 -333.3of *11.33 C. C. LINEAR 31.13240lC 611.16 C. 0.
60.00 0. -16.1p -s3.399 -19.12 0. 0. LINEAR 4.330311.00 73.31 0. 0.
CA0.00 0. -13.63 -3911.09 -13 62 0. a, LI[WAR 5.h0matC0 91.01 0. 0.
40.00 0. -11.74 -111111.09 -11.74 D. 0, LINEAR 6.5003l1C60 101215 D. 0
20.00 0. -13.16 -9111.99 -13.11 C. C. LINEAR 6.17374C#00 103.14 0. 0,
10100 0. -16,17 -311,19.3 6-11 0i . 0. L INEAR 4.31110[400 110.32 0. 0.
10.00 0, -17431 -33.33 -17.11 0. 0. LINEAR 1.I4676C400 In.383 0. 0.
0. 0. -Is."1 -99111.119 -13.IL 0. Cl L INWAR 1. 811114 11t4 00 -70.01 C. 0.ý

-10.00 0. -1l 91 -3992.99 -1&.31 0. 0. L INECAR G.2634300 -61.00 C. 0.
-10.00 0. -10.10 -333.33 -10.10 0. 0. LINEAR 6.414 161.00 -66, 11 0. 0.
-30.00 0. -10.19-391.011 -10.11 a. 0. LINEAR *,722401OC60 -71M1 0. 0.
-40.00 0, -11.10-tog.'" -11.10 C. 0. L INAR 11.762431.00 -71.11 0. 0.
-10.00 0. -13.03 O -9219.1111 -13.08 0. 0. LINEAR $,#%MOOD.0 -I3. 34 0. 0.
-60.00 0. -11,38 -9111.99 -16.31 0. 0. LINEAR 4i?33I0160O -36.31 0. 0.
-70.00 0. -11.01 -999,99 -10.01 0. 0.1.LINEAR 11.641O0X.C -110.11 0. 0.
-10.00 0. -111.11 -091333 -11.11 01 0. LINEAR lUlI0431.0C -1*14.0 C. a,

-30.00 0. -333.39 -390.31 -399919 0. 0, 9.1 31mC11- SIP." 0. a,

.*.... DATA CRift NO. T NX -0 -0 'a -0 0. 0 0. 0. 0.
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NUMCRICAL. ti.rCINPA•ON4TIC$ COOD

"SAMPLE P"06L IFOR Nee
STIC MOOCDL OF AIleAArT - VNlt SPACE

- - -TCuCLJ1 6PCIIPICAION - -

COM OINATII MUST IK INPUT IN

mC"l' OR K SCALO TO •'rTIR

KrOR 6tRUPU INP,•T IS ENDED

WIRE No. DP rjIRT LAST lAO

NO, xI 'y ZI xi Y& ze RAOIUIS 1. KO. MC. NO

I 0. 0. o. 6,00000 0. 0. 1.00000 1 1

f $,o0coa 0a, D. 4,.0000 0. 0. 1,00000 1 a 7
3 44,00000 0, 0 66.00000 0. 0a, 100000 4 i 11 3
4 4,000 0. 0, 14.00000 IV-9000 0. 1.00000 1 It 17 4

S .4.00000 0. 0a, 4,00000 -19.-0000 0. 1.00000 1 i H3

6,00000 0. 0. 1100000 11.30000 0. 1.00000 1 PI 5 6
"7 6.00000 . 0, 18.00000 .ll.30000 0. 1,00000 NOl 17

S 11.00000 0. 0. 1,00000 0. 10,00000 100000 0 ta l 11

TOTAL i T11SNT6 Uoft• O 9 NO. 110. IN A SYMIP'IRIC CCLL. IS ¥YMl3TR4 rLAOv 0

* IULIPI.C WIRE J.,CTIONI -
JUNCTION ScOEGMET I- IPOR twO l. * rop END IW

-a .16 - 19 -ai
a "; -I -to -1l

. . . . KOMENTAT ION ODAA ....

COORDINATES IN ICTCRS

Is AND I- INDICAIC I[ 11, 04NYS lKFOAC AND AllER I

SE0. COO•OINAtEI OPr S0, CENITER St0 OIIENTWAfION ANO, WINE CON..CcION DA
T
A TAO

NOW Y L .NTH ALP•4A IKTA RADIUS I- I I* NO.
1 3.00000 0. 6.00000 0. 0. 1.00000 0 , 3 1
1 9 1618 0, 0 6 33333 0. 0. 3.00000 *14 1 2 3
3 Is S0000 0 0. 6.33333 0. 0. 1o00000 1 3 4 1
4 ,, 63,13 0. 0. 6 33333 0. 0. 1.00000 1 4 S
S 16.101167 0. 6.33333 0. 0. .oooo0 I % a a
6 34.00000 0. 0. 6.33333 0 0. 1.00000 5 6 7 1
7 0.,33333 0. 0. 6.33333 0 0. 1 00000 a 7 I a
6 41.00000 0. 0. 6.00000 0. 0. 1.10000 -11 6 9 3
2 13.00000 0. 0. 6.00000 0. 0. 1.00000 6 1 10 3
10 19.00000 0. 0. 6.00000 0. 0. 1-00000 , 10 1I 3
1 61.00000 0. 0. 6.00000 0. 0. 1.00000 ,u iI 0 3
It 41,33333 8.411 0. •-9539 0. 113,11041 1.00000 -I Il 13 4
13 31.00000 7,47500 03. 0,11131 0. 113,77901 1.00000 It 33 14 4

14 316,667 11.40133 0. $404131 0. 183,7.148 1.00000 13 14 Is 4
IS 311,33333 17,4416 0. 16 O13 0. 3 11113.71941 1.00000 14 15 is 4

IS 11.00000 88.410 0 . 0. 1636 0. 113.77041 1.00000 15 II 17 4

7 11-6411167 17,40133 C. s1.136 0. 113.77641 1.00000 16 17 0 4

I0 41.33333 -1,41167 0. 1,19039 - Ills3, 7794 100000 7 II Is I
lt 56,00000 -7.4700 0. 1S6613 0. -13"77848 1.00000 1@ II t0 S

10 3. 6664167 -1845033 0.ý S.6636 0. -113.771•4 1.00000 II to 1i I
t1 U-.33333 -17.44167 0 5, I13 0. - 1,3.r77841 1.00000 10 11 n 5

it 1111.00000 -11,.40500 0. 1.66636 0. -183.77841 1.00000 #3 1 of & I a
13 15.66467 -17.40133 0. S.3663 0. -183.77141 1.00000 1, 83 0 1
14 -.00000 R mo0 0 S. N3S4 0. 10-401306 1.00000 -19 1 I1
n 3,00000 6 47100 0. S. 9,1$4 0. 309,"1306 1.00000 R4 IS 0 6
1G 6.00000 -1.61100 0. S.6635S4 0. -300.460306 1,00000 -82 Is 17 I
R7 3.00000 -6.47500 o. -1.9354 0. 102.49308 1.00000 It 17 0 7

n 6.00000 0. 1.10000 5 3136 68.3l6I6 360 00000 I.o00000 1 of to a
t9 3.00000 0 7 10000 56-.S3 1 6 ,N1611g O 0.00000 I00000 to IS 0 8
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"*.* DATA CARD NO. I rm 0 I 0 0 1.000001-00 0. 0. 0. 0. 0.
* DATA CAARO NO. Z EX I I I 0 0. 0. 0, 0. 0. 0.
.*OMA CARDNO. 3 P1 0 1 ! 1000 0 0. 0. 0. 0 0

. rREMNCl•.C.......

r!•CACNCv' 3.0000[*00 MHZ
WAVULENOGI. U.93X.*01 KIER%

APPROXIMATE INTEROAAION EMPLOYEO FOR KOENT$ "OK THAN 1.000 WAVELENGTHS APART

6?R ST".C? IPEDANCE LOADING . .

THIS SI•TR UI IS NOT LOADED

ANTENNA (NVWNO NNE -NT

FREE SPACE

9*A"NIM TIMING - . .

Frl1.. 0oM KIC., rACTOR. OOtt Icc

E- XCITATION

. PI.A WAVE THKIA. 0 0KO, PHI% 0. CEO, MTe 0, EO, TYP -LINCAR. AXIAL RAI0.-0,

. . . CUMNT AMQ LOCAW1 -IO

DISIANCI IN NAVELINOTNI

6O, TAG COWN. Or 014, CENTER Mo, - - MNE IAMP -
NO. NO. X Y 2 LENGTH MEAL IMAO, PAO. PHAAK

I 1 0.0t00 0. 0. 0.06o0s t 1,4"t-03 4.110141*•!-] 4,311t-03 7II16
a 1 0 .0610 0,o033 3,011-01 -1-*PUN I,011-08 1.esslc-Of -81-138
1 1 0. I01 0. 0. 0.0633 3 .1K 1 -3, 10IoK-08 o 4 .10104-01 -3,w0
S8 0.116% 0. 0. 0.06330 4,41691-0l -4414601-01 6.613iS-01 -Nl.1ll
b f 0 lots 0. 0 0.06331 4.65113f-01 -6,10682C -019.3104t -02 -S13641
6 f 0. .3s 0. 0. 0.0633111 $,0R3-01 -1t.11 -01 i,111901W-0 -6.,i03
7 1 0.40K 0. 0. 0.06236 5.1631•-O -, 4141C-01 O.-SUCC-01 -8.674
* 3 0.4703 0, 0. 0,06004 1.0l711-01 4l.0110-01 ,.65371-01 -.4,004
e 3 0.%304 0. 0. 0.06004 I.7t44C-O -1.7ot01-01 I.WM1-0l -S..010

10 3 011204 0. 0. 0.06004 ltIgtX-ol -1 1t7O1-01 l,.07•E-01 -44, no
t0 3 0,6504 0. 0. 0.00004 S.21061-01 -5,g1111-o 0 6.3014-01 -44.51
I 4 .4•l• 0.02149 0. 0 090 .-8. 33X -08 1Ili-0l 1.0634t-01 141t506
13 4 0.3303 0.0741 0. 040-3 1 -IO$(-01 Of II1--01 .10SK-01 141,700
I4 4 0.54•1 0.1141 0. 0.05999 -7. 616U-01 5.67l1K-O• 9,11761-01 148,t
I 4 0.1325 0.1745 0. 0.05661 -S.,1IK-01 4,41111-O4 7,7774[-U 143.4111
Is 4 0.101 0,8D84 0. U..0,13" -4,34601-01 3,01121-01 9,81669-01 14S,113
17 4 0,1561 n,1743 0. 0.05666 -1 .61141-08 1,837K -01 1.313X-01 147.457
Is 5 0.41m -0.0149 0. 0.05011 -6. 3,3X01 -O 616K-Ol I.06]'E-0I1 141106
It 5 0.1003 -0.0748 0. 0. 053" -1.110U-01 SIItt-Ol 1.06M6-01 141,709
tO 5 0.3169 -0.1847 0. 0.05361 -7.616K-01 S.6171-K l l-f ll76-01 1'1.36M
it 5 0.?313 -0,1145 0. 0.05229 -6.1516S-01 4,616t -01 7.7714E-01 143,491
of 5 0.1o08 -0.1•4 0. 0,05290 -4,34S1-.01 3,01 1-Of I .I6S61-01 14S.113
13 8 0.ft" -0.1743 0. 0,05111 *i 6544-01 I.1l-Ol 1.]31sx-Cl 147.613
14 S 0.0500 0.0113 0. 0,05966 -1.011IK-0f S.135-03 1.1311K-C I-lOf '.
M 6 0 0300 0.0t41 0, 0.0S666 -4.11761-0 1, 763K-03 4-950It-03 154.110
IS 7 0.0500 -0,013 0. 0.OO6N -1.01lIK-09 5.,3b31-03 I 1611f-01 1.641
&1 7 0.0300 -0.0016 . 0.05CO6 -4.606t-03 1' 36(• 0 4,9501-03 600.1
as a 0.0500 o. 0.0o50 0.053•2 -54,g40t-03 S. 301.03 7.5230-03 1314.1n

o 0 0300 0. 0 0751 0.05309 -1 .56X1-03 1,0516-03 2.%M-01303 47.191
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. ADIATION100 Ittm4-

ANGLES PowER GAIN4S - . POLARIZATIN - -.............CIT~(VAl......... ..C.AI.liI
THETA owl2 VCAT. HOP, TOTAL AXIAL TILT SE NU MAGNITUD~E PH4*I MAGNITUDE PWASE

0. 0. -&-to -*99.99 -1.98 0.00000 -0.00 LINEAR 8.00011)(4I -133.97 I.0783it-le 601119

#..a* DATA CARDONC. % cX I I 1 0 11,00001)[41 3u00oosooo l *g.00Ooc'o 0. a. 0.
*..DATA CARO NO. I R0 0 1 1 1000 I.00000c.ol 3.00OC001.0 0. 0. 0. 0

EXCITATION . . .

PLANE WAVE TNETA. 10.00 060. PHIsl 30.00 DEC. ETAs -90.00 010. ITYPt -LINEAR* AXIAL RATIOs-C.

. . CURRENTS AM LOCATION -

DISTANCESl IN WAVLCLEOU4S

110. fAO COCIOOr SEC1. CENTER 1EC. . . . CURRNNT 4APP6 --

NO. NO. X y z L9NCTH REAL IMAO. MAO, PNAS1
I 1 0.0300 0. 0. 0.06004. 1.11611-03 3.6163C -03 4.1304[-03 18.7'.1
1 8 0,0917 0. 0. 0,06130 6.14101-03 3.011111-03 7.43M9-03 ". ll
I R 0.15%1 0. 0. 0.06338 7.4321t-03 -1.1114C-03 1.41601.03 -37.110
4 a 0.iims 0. o. 0.06334 9. I6I17t-U3 -1,97211-01 8.1uIa-08 *63,4111
I1 0 .1111l 0. 0. 0.06336 1.411K-Cl -3.61711-01 3.605171-01 -67441
6 1 0,3451 0. 0. 0.06338 1.00111-Ol -4,1S0 .1119.1*Ol-UI-0 -67.644
7 1 0.40M6 0. C. 0,06336 l1,99NE-0l -5.770C01-0 1. 811 -Ol -66,096
0 3 0,4703 0. C. 0,06004 -3.N610-01 ISE-1.519-1 1.611114-01 103. 1"
1 3 0,1304 0. 0, 0.06004 -1. 754KN-0l 1. 3 17et-0 1 1.34S11-01 101.11107
IC 3 0,5604 0.ý C. 0.06004 -1.41111-Ol 9, 3611M-O0 . 6.06K1-01 WINS4
It 3 0.6504 0. C. 0.06004 -3.413it-03 4.31MIU1Ol 4.33111-01 94.617
If 4 0.4136 0, 01`40 C. 0.-0996 8 lISUC -0l -8.117n1-01 8.13009-01 -M6.376
13 4 0.3903 0.0748 C. 0.0191 -1.640it-01 -1. 049K -01 OIIMCO -01 -14,9770
14 4o 0,3566 0.18447 0, 0.01699 -7.64141-03 -1.6161K-Cl 1.133K-01 -111.461
Is 4 0,3139 0.1740 0. 0.01911 -3,74114C-04 -1.471XK-0 11,471N-01 -90.146
16 4 0. "Of 041144 0. 0.016W 4.01370-03 -I00311 0l 1 1004K-01 -97.411
17 4 0.1166 041743 0. 0,05011 4.1311C-03 -4,40179-O1 4.41101-01 -84.111
If S 0 4436 -040149 0. 0.0511 9.4191M-08 -1. 903K -03 1.1046-01 -5376M
19 1 0.3903 -0.0746 0. 0. 0519" 9314I1-011 -9.16631 -03 1. 367K-01 -6.107
10 1 0.,169 -0.1147 0. 0.0119 1.110M -01 -7.79113C -03 4 .544 K 01 -.1.37
11 S 0. 31311 -0.1741 0. 0,05M91 ,0541K-01 -3.65661-03 7.0640t-Cl -1. M7
Ul 1 0.1101 '0.Rt44 0. 0.05MW %,03631t-01 3.7761CR-04 1,03661-01 0,430
Is 5 0. 1146 -0.1743 0. 0-O 05 0 W I6t1-Of I1.6773-03 1-37111K- Of 4,540
14 6 0.0100 0.0113 0. 0 .05MW I -17566-01 -3-7M41'.-0 3.1311E-01 -71,617

a1 a-0.030 0.0949 0. 0.019M 7,3110(-03 -1. ka, K-01 1,17M 01-C -11.006
Re 7 0,0500 -0,0113 0. 0 056W -1.04471-Of 3.1171116-01 3.60131-01 101,.1%
VI 7 0.0300 -0.0046 0. 001COI -4. " I61-03 8.01156-01 1.16711-01 103.810
to 0 01OOC00 0.&S 0.011 003W -4.601M1-03 -1.67516-03 4.89311-03 -160.001

RI 0.0300 0. C 0711 0 0131 -1-61611-03 -1.11150t-03 3.10911111-03 -147.630

. .- RADIATION PA1TItg1 --

-ANOLCI POE O0( AINS - - -- POLARIZATION ---- --------ITHdTAI - --------II
THETA P0,41 VERT. HOP. tOTAL AXIAL TILT I9NI MAOM I TLC PHAIC MACNITITUD PHASE

0101611t 0601(11 of Me ON RATIO O10. vOLtIIm D10REES VOLT'lim DI0MS1
s0.00 30.00 -6 1.1 -1.79 -9.72 0.00010 1111.114 RIGH4T 7.171011-01 -11.30 I.134!6(*00 -1116

O11 ATA CARD NO. I EN -0 -0 -0 -0 0. 0. C. 0. 0

IMTIME 1.171
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EXAMPLE 9, SCATTERING BY A SPHERE

Example 9 shows scattering by a sphere with ka of 2.9 (ka - circumference/

wavelength). Bistatic scattering patterns are computed in the E and H planes,

followed by near E and H field. The near fields within the sphere should be

the negative of the incident field to produce zero total field. This condition

is approximately satisfied in the example.

If the frequency is changed to ka - 2.744, however, large internal fields

will exist in the TM1 0 1 mode of the spherical cavity which is resonant at this

ka. Such internal resonances may occur in any closed structure and result in

severe errors. The errors may be avoided by placing wires inside the sphere to

destroy the resonance condition at a given frequency. Since the magnetic field

integral equation enforces zero tangential magnetic field on the inside of the

surface, the surface acts as a perfect magnetic conductor on the inside. Hence,

the resonant fields are the dual of those that would exist in a perfect electric

conductor. Unfortunately, while the correct magnetic currents for the internal

fields would not radiate externally, the electric currents radiate strongly.

0
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Example 9 Input 0
CPIITATC ITSCAMPIING IV A IPW4r..
CPPATCM ODATA ARE INPUT FR A S1P9(C Or I. P, RADOILUJ
CTI41W $PMR[ IT ?(tN SCALgO 10 THAT KNArrCOU[NCY IN M4Z.
CMT64 PATCH MCSkI. NAY K USED FOP WA L.SS tIAN ASOUT 3,
WlCI l Twig . '** WA9,2 s -- ,
SP 1373 -.1279 .216079 76.71 41. 119117

0 -0130111 1161 .31147 .615 11-11 .17081
SP ,In1 Al 319 .031147 so6,s II71 ,lIO
SP .8031• ,•4 o0 .511117 33.7 I. .11%.
SP .794 .5070i .5551117 33.71 45. 411101117
SI .f1110 .,0014 ,11917 23.7 71. ,11110
11p -011194 . .19130 ,95011 IIIis 11.85 .1100l
UP .18141 %4#460 .19009 11.11 33.71 .11000
r .144t0 .01l4 .1100111.s 1 , . 1 • a01n
SIR .111 4 .114 1401 ) 1111 70,1S 1010

01[ONl IIII

Fil 1.9
Ell I I I 0 0o, 0. 0.
NiP 0 liI I 1000 110. 0. .tO. 0.
mp 0 I I1 1000 S0. 0. 0. 10.

I(0 I I II 0, 0. 0. 0, 0. I,
11 0 I I I 0. 0. 0. 0, l, 0.
14 0 II I I 0. 0, 0, c, 0. 0.
44 0 I I II 0, 0 0. 0. 0. a,
NE 0 I II I 1 , 0. 0. S. 0. a,

NH) 0 It I I 0, 0. 0. S, 0, 0.
IN

0

0
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Exam~ple 9 Output

.... COMMEgNTS . .-

9 ISTATIC SCATTERING bY A SP9(RC11
PATCH DATA ARE INPUT FOR A %"ft[E Or 1, M. RADIUS
YIC SPICRE IS THECN SCALED SO THAT KA.FPEOLXNCY IN NMI,.
TWE PATCH MODEL MAY K USED FOR KA LESS T"A.40LOUT 3.
FOR THIS AWNP g*" KA0.l. Off

* -STRUCTURE vgvCIicATION -

COORDINATES MUST 3K INPUT IN
MEITRS OP K WALID TO METERS
BEFORE STRUIJCTLE INPUT IS ENDED

mine NO. OF FIRST LAST tAO
No. X1 Yl 11 X1 Y1 21 RADIUS KEC. Sto. SEC. NO.

1P 0. 37"3 0. 1373 0.360lt 76.7"goo 46.00000 0. 1 337
#I 051231 0,111261 0.43147 16.85000 11.00000 0.1701S
v 0 1F111 0.51329 0.43147 56^1000 67.10000 0,17015
4P 0.90314 0.11910w 0.5111157 11.75000 11.00000 0. 10907
WP 0. 917", 0.54794 0115557 33.75000 4%.00000 0,10967
SIP 0,12310 0.190314 0.15167 33,71000 71.00000 0.116167
7P 0,9:194 0.119114 0. 19510 11.85900 12,1000 0.11016
81 0.I1542 0.54430 0.119011 211,1000 33.75000 c.il01
11 0.64430 0.31549 0.195003 I2.1100 W6.1000 0.23ism0top 0.19314 0,92194 0. 1309 11.111000 Vs.7"0o0 0. 1 twoSTMAUmTL~ REFLECTED ALOWN9 I AX(S I X Y . TAGS INCRtEPNTED BY -0STRUCTURE SCALED MY rACTO 47,71465

TOTAL SCOMENTS WED' 0 NO. 510. IN A SYMMETRIC CELI.d 0 57?9TRY FLAG. I
IOTAL PATCHES UStD. 60 NO. PATCHECS IN A SYMM4ETRIC CELL' I0

STRUTURE HAS I PLANES OF SYMMETRY

.. . U ACE PATCH DATA . .

COORDINATES IN METER2

PATCH COORK, Or PATCH CENTEIR UNIT? HOR9AL VECTOR PATCH COMPONENTS or UNIT TANGENT VECTORS
No x Y 2 x 2 AREA li Iy 21 ke yR i

1 6.561?4 G. 6*14 '.6.79300S O1717 0,1119 0.36903 P*2.F1356 -0ý70`71 0,7071 0. -0.6335 -0.6331 0.1511
I r4.109090 10.14461 19.51330 0ý5133 0.1110 0.83ill 3671,0610 -0. 367 0.0132 0, -0.166W -0,3SIR 0.1155
3 I0.14461 *W4.ý490"6 33.67330 0.111?6 0.5133 0 6315 301606010 -0.3*39 0. 3017 0 -0. 3IN -0. 766 0.9516
4 34. U 154 10.86019 ft 50333 0.9031 0 1152 0.15m6 3966,74 0" -0.116 0.30659 0 -0.5311,1 -0.143N 0.931S
5 e1.05335 n. 05335 ft. 50663 0.1111 0.579 0 5516 366.74096 -0,7011 0.7071 0 -0.3Iwo -0.3son 0,1315
6 I1046919 WWI%11 16.501141 041152 0.1031 0 5556 366.714095 -0 1653 01160 0 -0.1438 -0.1364 0.0315
'i 4S1.6663 9.11971 siogeS 0,9619 0.1913 0,2191 341.14065 -0,1 "1 0.ft03 0. *0.1913 -0.0361 0.9100
6 311.2100 15. I971 3.30665 0.325115 0.5449 0.1311 3`41.140611 -0.9156 0.0315 0, -0,1611 -0014M 0.3303
3 n5.99971 30.21061 3.30965 0 1449 0.0155 0.1951 34.1,406% -0.0315 0.355 0. *0.12014 -0.1611 0.930

10 9 11097e 45.93663 S. 30n51 0 1313 0-1613 0.2311 3141.14055 -0.360301 0. 131 0. -0.0311 -0,1313 0.3003
11 6.16*14 6.50414 -43.79605 0' 137 a0.1I 1 -0.960Q$ 17.#113S -0.7071 0.7071 -0. -0.0331 -0 6935 -0,1511
1 ? 24,49036 10,14461 -32,67330 051:33 0.1I1 -0.3315 3*7.00610 -0.316*7 0.6139 -0. -0.7661 -0. S61 -0.1556
13 10 144"41 14.43036 -39.67330 0.1126 0.1:33 -0.0315 347,60610 -0.W313 0. 3W7 -0. -0. 31OF -0.7661 -0.551A
lit 30-30154 10.6612 -11.15093 0.1031 0.11m1 -0.5156 366,74030 -0.1163 006619 -0. -0.8366 -0,1436 -0.0319
1 PIS * 053135 W10533% -11.10903 0.5197 0-S079 -0,91156 336.74036 -0.7071 0.7071 -0. -0. 391 -0.3m1 -0.9331
16IQ,? 10.81 So.3*154 -26-501103 011527 046011 -0. SSW6 M6.74096 -0.3653 0.1163 -0. -0,2438 -0.1314 -0.0315
17 4563663 9. 1972 -9.30065 0L9619 0.1913 -0.1911 34R. lit065 -0. 1611 0.6303i -0. -0.1313 -0.0331 -0910106
le 36 91062 ft.3OW)71 -9.30665 0.0115 0.5449 -0,1351 342.1406#4 -0.315 0-931S -0. -0.1621? -0.1004 -0 "D06
19 &S.39911 36.3203*w -9.30665 0.1449 0.9155 -0-1951 34*,1 2061 -0.6315 0.35%6 -0. -D.1014 -0.1611 -0.9603
RD ,1197? 4111690163 -9.30665 ().11113 0.9629 -0. 191 34P.14035 -0.9606 0.19,31 -0. -0.03g1 -0.1231] -0.3609

WI651* P6.6.4 46.79005 0,1379 -0.1379 0.9908 27e.UPA5 -0.7071 -0.7011 0. -0.6335 0.6935 0. 1"1
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It 2%41098 -10. 144.61 39.67330 0.5133 -0.1116 016315 367.60610 -0.3617l -0.9129 0. -0-7601 0,3i18 0.5550
&3 10.14461 -1% .4.909 39 67330 0.1115 -0.5133 0.6315 397.0061.1 -0.6839 -0, 308 0. -0!.31W1 0. 760 0, "56
r4 39,.31154 -10,25819 R6.60693 0,0031 -0.115* 0.556 366.7%06') -0.n89 -O.6650 0. -0.5366 0,1434 0,83315
Z5 10.05335 -89.05339 &G.50663 0.5079 -0.5679 0.5550 306,74.026 -0.7071 -0.7071 0. -0.3900ala 0 -W9 .6315
e6 10.16619 -39.31154 R6,50063 0.2115 -0.1031 0. 555% 35. 74.09 -0 UOSS -0.85n09 0. -0.1438 0.5354 a.9u15

7 5901-9:1117u 9.06 0.0610 -0.1113 0o191 344,14061 -0 16 -0.A MO 0. iI -011 310 o
f$34 1 W-,7"'1 9.06501 6S 0,490 1"31.14061 -0."061 -0.1319 -0. *0.6635 0.1063 -0. 166

09 M4. 911 -10. 11061 -267306 0.1449 -0,815S -0.31"1 361.01405 -0.6837 -0. "56 -0. *0.7600 0, 1"# *0. "as

30 4..163-.11271 - 1S196 .30865 0.011 -0.1613 -0. 1"1 341,14.095 -0.165 -0,120160 -0. -03916 0.1913 -0.66NU
31 60.580&4-6.07 -46.3066 061379 -0.64.4. -0,9901 878,I.183M -0,7071 -0.7071 -0. -0.1693 0. Slin -0, I06
36 14.41090 -10,14061 -. 306,6733 0.644 -0,1110 -0.3161 387,601406 -0.63887 -0.69119 -0. -0.7064 0.1W1 -0.11%6
40 10.11471 -8449603" -36.33066 0.1613 -0.5133 -0.4156 347-.0606 -0.9139 -0.-1381 -0. -0-321W 0.76013 -0.5606
4. 1, 16.46-10 M 51% 46 .7605 03 7 0.90 137013 -0.556 00 .7401 6 0O.707 -0,751 -0. 0.0-5115 0.145 -0.9165
3519.14 0533 -80,1.05 663358-003 -0.W3 -0.1076 0.6154 3967.0%61 -0.70717 0.-.0.7071 -0. 31030 1 0 .- 3 660,81
43 -10,M1940 -1,3.6114 46-509830 -01150 -0.59 0 6315--S 316.74000 -0.2639 -0.161 -0. -0.14 -0.70368 0.6610
V44 .N -j6315 1.11078 -1.30062 *0.9619 -0,1161 -0.5 341.1400611 -0.1606 -0.2801 -0. 0.1930 -0.0301 -0.2008
345 0,160913-5 ."Ill32 16-.0613 -0,9557 -0.544 07 15 0 340366.4049 -0.90%1 -0.8315 0. 0.1601 -0.1084 -0.0006
"46 S 900716 -30,03011 -9. 1.033U .49-,1 -0.1110 3 0.1"1 306.74.01 -0.631S 0.91506 -0. "0-13 M-0.5366 -0.1006
4704566 9. 11178 1.0M -6.3065 -0.6191 -90113 -0. 161 301.1406% -,0-0.1061 0.60 -0. 00 0 ,613 -006 0.6606
4.3 -36.61 6 , 5581667 4.39005 -0,6167 0.64.49 0, 9801 271.81401 0.5076 0.7071 0. 0.613S -0,1354 0.660
41 -84,6091 0 1010461 39.30330 -0.%133 0.6165 0.031S 347.60600 0. 3087 0.1136 0., 0. 76U -0.31611 0.6606
40 -0,14471 R4.40660 U6.33066 -0.8111 0.5613 0.0196 307.140610 0.600 0. 157 0. 0.0301 _017608 0.6606
44 A 316S410 .86019 -46.100=3 -0.0031 0.131W 0. SSW$8174.130, 0.8607 0,7071 -0. 0.6631 -0.0635 *0.11105
49 -14.465665 10,105315-36.67330 -0.513 0.9079 -0.631 36.7.0060 0.7077 0.7071 -0. 0.76010 -0.3110 -0,81111
63 -10.154.19 34.3146016 *30?433 -0.1190 0.1031 CAW31 306740060 0.6136 0.3800 -0. 0.1316 -0.9760 -0.6566
147 -06.3141046 .16M1 -130.06%3 -0.9601 0.1213 -0.1616 306.74016 0.1116 0,1809 0U 0.1360 -40.361 -0.9300
51 -4,1091 n25 99071 33 -130NS6 -0.0179 0.449 -0.551"1 36.14036 0.S071 0.031S -0. 0.31641 -0.3108 .0. NO@
60 -80-99971l 36,311 O -1.30NS3 -0.11144 0.610S) 0.65I0I301.140$5 0.9165 4 050160 -0. 0.13M -0.-5I06 -0.6300

7 -3:19678 4%,1190631 .*30065 -0,6161 0,9613 -105661 3148.14065 0.9000 0. 1160 -0. .6 96 060
S6-026106 5.6671 -46.73015 -0.1370 0.1479 -0.0068 1731.883%. 0.?016 0.7071 -0. 0 llL -0.106 -0.6606

SO -14.6697 103.14461 -39.30330 -0.54139 0.01106 -0.03151 N71.106 1 0.63907 0.66013 -a. 0.7601 -0.3161U -@00645
50 -1. 11761 84..6666 -31.30330 -0. 1863 0.0133 -0.0131 347.14061 0. W39 0. W'? -0. 0.031W -0. 761 -0.0§66
s4 -30a.31% 10, M 19 46.16-005 -0.9031 -0.1151 -0.650 30 .740%35 0,77 -0.70161 -0. 0-6%36 -0. 1439 -0,810
It -14.405366 -1053350 -3,59.030 -0,5179 -0. 170 -0,5554 30,740"1 0.7071 .0.7071 -0. 0, 700 0. 396 -0.8351
SO -10.146103,15 -11,4-06 096730 -0.1116 0.6 0.03 0,611 38C740911 0.16"3 -0.31 -0. 0. 116 -0.0m6 -0.6166
67 -45,89063 -1. 111116 9 3.0963 *0.961% 0.1113 0.519601 366.74066 0.1106 -0.6INS6-0. 0.1936 -0.03143 0. MOBOf -3.916.OR335. M7.031 -2.3096S -0.6176 .0.607 -0.1501 .108.1066 AS 0.7071 -0701 0. 0.2IWO6 0.36 1CV 0. NO@
"6 -4S.16171 -38,21 ON 86.50663 -0,0449 -0.01" -0.61"6 306.14061 0.631060-0104 -0. 0.1043 -0. Iwo0 0.1000
607-46.13663 45,119671 -. 30NS -061-0.1613 0.9119-.1961 341.14.005 0.91380 .11 -0.606 0. -0.1913 -0.031 0.080
61 -60.10114 -1.S6197 46.30665 -0.6131 -0.1449 0.16C1 148.14165 0.7507 -0.7071 0. 0.1soil 0.1094. a,1606
U -16669ON -106.1610 39.673060 -0.51349 -0.6115 0.8161 387.,0600 0.63807 -0.0656 0. 0. 7681 0,3108 0.69506
70 -10.14461 -&45.900039.30635 -0. 1113 -0.6133 0,1165 341.40610 0.6003 -0.11081 0. 0.1038 0.13 70.86600
64 -30.5084. -10.50N It-86.00093 -0,8037 -0,1178 -0.1630.71.1ON1 046411 -0.2071 -0. 0.0935 0,034 -0. 161%
01 -14 40963 -10.14461 -86.67030 -0,51147 -0.1116 -0.6311 07.40960 0.7071 -0.6013 -0. 0.7009 0. 3209 0.3151
73 -10.1M 11 -14.49066 15617230 -0.11M6 -0.5013 -0.9216 3067406061 0.96%1 -043044 -0. 0.314M al 0.76 8 -. 10
974 -06.02063 -90. 100719-.300S3 -0.9319 -0,1161 -0. 1"50306.7404% 0,1561 -0.665OO-0. 0.5366 0.0321 -0.0309
7U -1 039215R i -16.0971 -1.30096 -0.0179 -0.1079 -0.5556 36,41.101 0CAM7 -0.8371S -0. 0.3616l 0.110 -011009
76 -M0 9N?51 -38,31054 -9.30965 -0.%149 -0.015 -0.51561 366.14.016 0.631S9-0.1956 -0. 0.1400 0. 1361 -90.63
707 *9 1P9 4.09033 -911 -9.30965 -0.1913 -0.9619 -0.19S] 341.14.065 0,9051 -0.6601 -0. 0.011101913 0.031 0.10
76 -36.1461 -15.SW90711 -9.0055 -0.6117 -0.1379 -0. 9018 171.8114 057071 -0,7071 -0. 0.1631 0.913 -0. 1901
71 -r4.49090 -210.1061 -39.30330 -0.S439 -0.6155 -0.9101 347.40650 0. 6317 -0.0836 -0. 0, 06W 0.3161U -0.1503
70 -910,1141 -14,60000 -9300630 -0.1918 -0 16133 -0.93166 34'7.-40615 01606 -0. 3175 -0. 0.0318 0.17618 -0.5056

74 -DAA10 CA- 10.111 -n.0013 -0 01900.001 0.fW-,5638,4N *&O 0. "5 0. S 0. 13 -0.61
"7% -ATA 0C33 -81. 053 -n se -I 5 7I 0 - 49 -0,55O 3.140.6 0.71 -077 0. 0.3 0. SWD-001

"0604 DATA CARD NO. 3 Pp .0 9 1 00-01 OOOO0000K0 0. 0l.OOOC 0. 0. 0.

. FEOLIENC r-----------

rA!MNCY- 8.OOOOC.017 P94
&4AVCLtNOTH- I .033*0I09 PCTERI

APPROXIMATE INTE0RAIlON EMPLOYED rOft SCOMENTS MORE YI4AN 1.000 WAVELENGTHS &PART
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. - . STRUCTURE IP1EDANCE LOADING - . .

"THIS Stft)CVI.C IS NOT LOAODE

- - - AN.TENNA ENVIROWP4[T - --

rillE CiACt

- - MATRIX 11IMINO- - .

FILL. 0.17C KC.. rACtOOl 0. 73 iCC.

- -.. EXCITATION - - ,

PLANE WAVE TICTA* l1),00 KO1, PHI** 0. 010,, ETA 0. 0O0. TYPE -LINEAR@ AXIAL RATIOC-O,

.. . ACC PATCH CURRENTS ....

D3ISTANCE IN WAMNOL1I•
CUIRRN? IN Ait/4T1CR

-•IVAC[ CPPN1N "IS NIECIAWA9LAR CCONPINIS - - -

PATCH CENTERA TANOINT VECTOR I TANGENT VECTOR I x Y 2
x Y MAO. PHAIC MAO. PHASE REAL I"", AM I94O, Io RAL MIWG

0,064 0.06' 0,.453 19.41 C-03 -I1.39 1.11K -03 -157.3• 6 2,6-03 I611-03 19.3K-"04 l,941*0, -11,1-U0' -11,1-0',
9

0.131 0,00 0.384 14I, M4K+03 -0.89I4+ I NC-MI03 -94.71 S. IK-04 4, IK03 0.,79-06 1.79-14*0-l4l.,I04 -11ll1,,03

3

0,0ON 0,137 0.3.8 IMIU-03 -14.9' 1,301t03-0 I14 7.W 3,049-03 ,I99 -03 1. W -04 CNIC-0' ,I,.I1-03 -7.,06-0'

0,371 0.0N 0.16M 6.0419-04 -43.1 '..,60'.*0C *,4.260 -. 6E.00 , ,5,09-0-7.0C-OlS 1,07-07•1- K . -03 *.1-1C-03

0.811 0.1?7 0,9M 1,.71111-01 -9.4l6 3.11941K-03 -614,61 -I,•-.0* 1,m14 I.401-06 1.44-0 3|,01K-04 -3.i'14-03

0. 0N 0.279 0,1m I9.1M6 ,03 -I4m lp.8s1m-03 .0161.'1 1,0ft.09-0 l.'.102 %.61-0C'. 1IK[-0P -1,111-03 -8.I1K-0',.7
0.44 0C0N 0,010 .146W6-04 -14.13 5.0517C-03 -1,14 -1,$.6-0' 3,00t-0. -9, 3X-0n IJK-00 ',69-02 -. 510t-03

I

04376 0.11I 0.030 .6233X-04 -'0.19 4,4.771-03 -43.4* -74,t.-04 6S61-0' -- ,I69-0S 1.01-01 3.9IK-03 -310-1-03
3

0.,11 0,176 C.090 7,'.0r11-04 -65,7'. 3.3811-03 -W4,%. -I.1'4.-05 .01O-0 D 7,31W-0C I9.SK-0' -8,71-0% -3.391-03
10
0.0ls 0'.44 0.090 1.03441-0'. -*'.10 4,ca00t-03 -i•95 9 7,40o-0o %.s9-0'.I .6g'.oI'II .•06-0 -_#,O-Cl -9.,91-0o'
9I
0.0614 0.06' -0.,453 1,3114[-03 1 3199361-02 U961 -2.66-02 -1.651-03 -, 1.3-04 --I .4-05 -5•.6 -0'.P -34.-011
I9

013.7 0.0N -0.3004 1,41161-03 80.78 4.71561-03 In.11 -2.IS5-04 -4.9IK-03 -1,57E-05 -1..7K-0' -1. 1 K-0'4 -611-03
13
0.0i6 0.717 -0.'M 31.7717-03 17.06 9.366'.-0 3.' -3,,1.K-03 -9-,9K-03 -,36.K-0C -8,9[ I-04 -9D9-03 -".011-0'

0,219 0,037 -0M1.8 l9.0l'l[-03. 367,1 ',110.15 -02 929.45 W .11.0%-03 -1,01t-03 "7011£-0o5 .1IK-04 -IE,1-02 - 11.C1[-03
95

0,44 0. ON -0.090 1.77617-03 100,1 6,1945t-03 16.0.3 2.K.-0' -],77[-02 -. 901-05 -1,.3K-0'0 4.06.-0'. 1.50.[-03
Is

10 , VG 0,ft1 -0-090 4.633r04 19,1.41-03 136.5I 7,• *] I ,l - .e+[-o4 -6.,$#A- 04 - ,l• -o5 -.I, II-o*, - IIK-03 -I.O[-03+0o. 0 6 0 .37 5 -0 .0 0 7 .9 4096 1 -0 4 2 7I 1 7 3 .31, E -.0 3 IS .5 9 - ,70 4t -05 -1 .0 0[ -0 4 -1 . 3 1 1-0 .S - 9. 9 6K -0 4 - 9.65 7 -0 3 - 6.1 61 -0 3

0 , '.00 0 .0 6 6 - 0 , 0 9 0 9 .0 3 4 [1 -0 4O 9 ,7 4 G O E -0 2 1 6 . 0 6 - .4 0 t -0 4 -4 . 01 -0 ' 51 .6 2 -0 5 -8 .O K 0 1 -0 O ' .3 11-0 2 * I C - 0 4

19
0.29l 0.919 -0.030 '..6323-0'. 939++ .39 '.'. t-0) S 92.3 l,9'.[.0' . ,0 -6.5-' .69-05 -.I01-05, -3.961-02 -. 031[-02

9,

0 096 0 '.'.' -0,030 1.03'.94[-0', 39 •0 9.9•'*00[-02 99.71 -?,*'.01-0' -'.691-0'. -*!91[-0'. -6.061-01 -9,021-03 -I.1ll-0,,

91

0.06. -0.064 0.4S3 1.9.79'E-03 -956 U9 I.IIOK--01 -157,39 3.IK-03 l+I. -0 -1.3X-04 -l.94-05 -. 691-0' -1.34[-0'

0.13D -0.096 0.1.• M '.916-03 --9.99 4'.7.1S6-03 -14.79 3.19t-0' 4'. 1U-03 -I.57-0C -I,7I6-0' -9,.1K-0' -1,611-03

0.036 -01397 0.26'. W .w5s5-02 -to. 9a. l,]66.-03 -I4.1-M 1.0'.-or 9.99-01 -S.23K-04 -1,6&%K-0" -I.11-03 -" 051-D0'
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84
0 .31 -J.O 0,4 .01A060 -041 -0 .43.1? 4.6041[-03 -45.5. -I .VO-0 8.01[-U]3 1.05E06 -1.07C-04 UN1C1-03 -*.941-03

0,.871 *.?,71t 0,816 7,971-'[03 -79.468 3.0146-03 -94.67 -3,,61-04 .•,'?'L-O3 6,+,0.0 -.8.14-0. 3.091-04 -3.8C-03

I?
04I,. -0 068 0&00 1.74671-0' -79- il 3.9146 -03 -t4-17 -"3.66W-04 . -003-04I -.,|105 -1..0'-04 3.OK-'04 -"I 10'-03

ft0 s0s -0 i71 0.00 4* iK0331.4 *1.40 99 , &M-02 *•42.4 - 4-04- I .4K -01 o.oI-.o -0-.01-.0 1 -3.,0c-0o

0,n12 -01376 0,0o0 7 IO001-04 -05.74 3,3111i-03 -04.• - I .74t1-05 9.#1K-04 -. W31E-00 -I .M-04 -8.SC "-04 -3,31.-03
310
0.006 -0,4%4 0,090 8-0344-04 -14,10 1. 1141)019 -03 -1%7.88 7.4-04 46,91-04 -0,.1t-04 -0.061-0I -8,03-O01 -. ,Sit-04
31
0,064 -0.064 .0.03 8.07•94-03 81.601 3.1 1i5i-03 01.01 -21.$K1-03 -I .&11-03 I.3X10' i --4K-05 -. &.1,-04 .-. 341-04
SO0,.1 IV 0,ON 0. M 1A•I.Ml 03 N .0] 71! 4,1iSU-031 n.81 -3.IK-04 -4.! MK-03 1-07CT-05l 1,71-01 -I.Ilt-*0t' -1.119-011

33
0.01 N-0.837 *0.4 S. 17M0-03 27.06 8.2U641-02 38.4% -1.04C-03 -C1-1*03 1 .3M*04 I.F41-0" -1.11C-03 -7?,06-04

0.371 -000 -0.10A 6.0t41E-04 136,66 4.1041-03 134,4S1m- -8,0I10C, -7.011-01 .,071-0' I*,31-03 -1,114-03
2I
0.811 -0.871 -0,84 1,7870[-03 100,•O 3.914%-03 90,42 1. 7 1 -104 -1,77t-03 6I.401- 81,4C1-04 203K-0'. -3,L"4-03
36
0,040 -0.371 -0.M0. 8.1UK*-03 37.41 ý 67•7-01 81.,1W -1,041-03 -t.431-01 1,0-04 1 IK1-04 -1•,0-02 -0. 1-0477
0.444 -0.018 -0.090 1.S4666-04 116. S,1747C-03 023.00 i031-0' -,001.-0. -9.3C-09 8.,0t-06 'i.08-01 -1.101-03

0.2176-0.81 -0.000 4*.5331-.04 133.11 4 ,4771[0] 126.11 7.841-04 -6.00-0'.-1.011-00 6.001-0 2 0!1-021 -3.021-0331

0,11 -0.716 -0,020 7,4001-04 94,8' 1,3111t-03 IS,1M 1.74C-09 -9,901-04 1,231C-01 3.2M-04 -1.17t-04 -o.S11-03
40
0.006 -0.444 -0,090 9,03441-04 318.0 1.84001-02 11,76 -1,40C-04 -4.61S-04 1,641-0 4 1.041-00 -,0 -02 -4.Si-04

-0.06. 0.04 0.412 1.113 -03 -26,76 1,31•-03 -2.239 3.04C-03 -8,30C-03 I.60O-04 -1.7K-04 3,61C-04 -1,01K-040
e. 41

"*0117 0.090 0, W614 2,30 -03 -104.63 3,651U-03 .105,40 -9,3S1-04 -2,43C-03 -1,471-04 -6,121-04 -IM-0. -I-09-03
43

-001 0.137 0. W 3,39181-03 -%1.97 5.32574-04 -60,16 1.04E-03 -1,64-03 S,6-04 -1071-04 1,7K-04 -3,07t-04
'44
-0,371 0.090 0.1 IPA 1.07C-03 -131,16 1.84%4t-03 -154.01 -I,171-03 -4.71,-04 -1,72X-04 4,6SK-04 -1,471-03 -4.,IX-
4,5

-0,172 0.171 0#*A ,61101-03 -114,13 1,0193"-03 -111.14 -. 6•t-04 -1.,05t-02 -1.3M-04 -I,3S-0 1 -. ,7K-.4 -1,6W-94
4,

-0. 0"0 0 371 0.#064 8.25J1103 -18.30 4.08*441.04 131.610 1.031- 03 -1.10C1-03 5.33C-0' -0.17M-014 -1.4K-04 1,&01-04
%7

-0,.4*4 0 03 0.090 31.3OK-066 -161.13 8 5023-03 W.16 7. O.os01 4.4-0'* -1.0K-04 -1,11-04 I'M7-04 1,441-01
4.
-0.30, 0-ni 0.00 l,6416-06i -139 37 1.1001t-03 14.56 -3.,01-04 -1.17t-04 -5.211-0 4 -0.0, -0 -0.4,K-0S 1. IK-03
49
-0.1I 0.376 0.090 1.010%t-03 -100.10 3. 1 4t--04 i.44-,. 4 0C.04 -7.761-04 -1.901-0' -%.OR1-04 4,10r-06 3. 101.-04

0-.010 0.444 0.020 1 1755C-04 -49.333 I131-04 I r. 33 6 11-04 -04 21-04• 8.27-0'. -8,40C-14 -$.$X-04 6.11-04

-0 054 0.054 -0.4,53 i,913Sr-03 143 21, 2' 134•-03 12 61 -3 0491-03 0.309-03 -1 601-04 I, 701-04 3 91t-04 -1 9K-04

,73

-Cull 0.831 -0.364% 1.39338-02 118.13 6 3514E-04 11W 14 -f.041-03 0.64[-93 -6161-04 S,.57 -04 1. 76t -04 -3.07E04
54

-0.311 0.09V -0.l'5 I 150I1-03 41 34 1.•44-03 1.93 1.17t-03 %,711-04 5.72X-004 6.61-0'. -1 471-03 -4.,iX-04
55

"-0.V1 0.811 -0a156 I.681I1-03 66 77 .09M1-03 56 I, 9.85-04 1. CI-03 S,6.3K-04 1.31-03 -4 7K-04 -7,350-04
16

-.0,039 -3'?i -0,860 1.305151-03 18.0 84.0044E-04 -48.80 -1 .I3-03 1,10C-03 -5.3X-04 0.271-04 -1.4K-04 I8 -04
57
-0 444 0.000 -0.090 3,31U-.04 fl.T7 8 60OS-03 -17.64 -. 061(-0 -4.45C-04 I.-61-04 #.Si-04 3.17t-04 1.4%C-03
158
' 13( 0 MI -0.00 16.6491-04 4061 10071-03 -If 4t 3.-00-04 1.17•-04 S.23t-0N S,1011-04 -6.481-01 1.11-03

-a J51 0.3P6 -0.000 1 .0011-03 71,0 3.1 60.-04 -97.S4 8.701-04 7.161-04 1.101-04 S. OX-04 4. 10-O 3.1 0K-04
60

-100N 0.444 -0.090D 8,187 -04 131.67 2 .101 -04 -48.67 -5.14C-04 5.431-04 -. I371-00•I 840-04 -6 GX3 04 6.11E-04
101

-0.064 -0.064 0.•43 8 0133W-03 -36,76 IS ."NE-03 -37.31 3 04E-03 -8.30E103 -8.601-04 I '70C-04 3 i01-04 -8,01-04

-1) ir. -0-046 0 W6 1 31541-03 -1014 63 3.957X1-03 -106.40 -. 3.%t-04 -3.4X1-03 1.47t-04 6. &K -014 -J. SK - N -I OW-03

-U09M -0 Ell 0 39. 3,31301-03 -51.07 6.3674E-04 -10.15 L1.04E-03 -0.0W1-03 -1 16K-04. 5.97[-04 1.70K-04 -3.0On -0'.
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-0471 -0.0W2 0.26 1.119071-03 -136.16 1.9444E-03 -164,01 -1.17E-03 -4.7I1L-04 6.721-0., 6.69-0'. -1.47E-03 *4.33C-Oe

-0.211 -0.3111 0.6 PA .862WIDE-03 -114.03 1 .06261-03 -1&1.1114 -9.31111. 8&.01-03 6.)61-04 I.33-03 -4,75E -04 7I.S3-04

W e 0,010 -0.311 one 8.399W*03 -W-80 10.0144104 137.10 1I-K-03 *1 MX-01- -. 31IX-04 6.111-04 -1.%K1-04 3.811-04

40.444 -0.036 0.090 3.30011-04 -191.13 &.3062-02 U. AS 7.061-06 4.%K1-04 V.611-0U . 1,61-04 3.8110' .%l~4t-03

-0.8111 -0.376 0.090 1.08M11-03 -109.70 3.19041-04 6W.46 -1.7K1-04 -7.761-04 IAGE-04 9.31-04 4. IK-06 3.0I-04
70

-0.036 -0.444 0.000 10,7931-04 -46.33 9. 1679-04 137.33 S.I%1-04 -%.@21-04 -1,37C-014 1.40t-04 -6,63104 6.11C-04

-0,064 -0,064 -0.1153 &.91331-03 14344 1.111341-03 141.61 -3.04[-03 8.301-03 1.601-04 -1.101t-004 3.91C-04. -3,631C-0'
71
-0.837 -11 0ON -0 204 I .W614~-03 75.37 3.651X2-03 74.61 9.361-04 3.421-03 -I .47IL-04 -6,132-0 4 -3,61C-0 -1.611-03

-O0.4111 -0.831 -0. 364 3.33381-03 191613 6.35749-04 111.94 -1.041-03 11.641-03 S.911-04 -09.71t-04 1.7K1-04 -3.07[-04
74

-0.t7I -0.01M -0.156 1,1507E-03 41,64 1.91444C-03 IS."6 1.17C-03 4.71t-04 -5.7X-04 -G.631-04 -1.47C-03 -4.321-04
7'

-0.171 -0,111 -0.1%0 1.61&01-03 0.1.71 I .08191-U3 61.16 C61-04 1,091-03 -54161-04 -1.33t-03 -4.M.6-04 -7,691-04

-0.0"9 -0.371 -0.89 1.36991-03 11140 4.01441-04 -41.10 -1.3K1-03 I.60-03 5.3K1-04 -6.37t-04 -1.461-04 1.111-04
'7
-0. 44" -001111 -0,060 3.380K-C'. 10.77 8.60921-03 -97.64 -7.011-OS1 -4.431-04 -1661-04 -I.611-04 3417C-04 1,441-03
76

-0,376 -0.11' -0.090 1,64061-04 40.62 1.1027E-03 -311.45 3.90[-04 1, 17t-004 -6.261K-0'. -%,691-04 -3.431-05 1.-1IK-03
79
-011 1 -0.376 -0.090 l0.69-01 11.30 3.1IBNE-04 -67.64 1.10t-04 17K76-04 -1.40[-04 5.11 X- 04 4.109-05 3, IOC04

-0.000 -00A44' -0.010 0.3761%-04 131.67 9.10%7t-04 -41.67 -6.1041-04 S.32-04 8.171 -014 -1,40[-04 .6,62-04 6.I11-04

R ADIATION PATTERNS . .-

*-ANGLES -- POWI GAINS- - - MARIZAIION-------------1I1I(AI-------------1jpIP91
W 1~A PM~I VENI., HOP, TOTAL AllIAL TILT SINIC OAGNII lt~ P14A11 MAGNlI I UD P4AI.t DEGREES 010o1 Do 06 o0 RATIO MO0. VOLIS/H DE0REES VOLT11H DEGREES
90.00 0. -4.44. -99g. 99 -4.4'. 0.00000 -0.00 LlINAR 1.74198101 163.60 1. i7191- 14 -70.n1
80.00 0. -4 04 -2999 99 -4.04 0.00000 0.00 LIN'EAR I.11138371001 161.6P 6.300301-14 -134.16
70.00 0. -1.66 -699. 90 -3.911 000000 0.00 LINCAP 1,0147H01 0I 1.66 3.611681- 14 -111.70
60.00 0. -1,61 -69119 .g -1.61 0.00000 0.00 L INICAP 1.431661111 1118.14 7 719N1- 14 -144.3*1
90.00 0 -0.60 -61199I -0.60 0.00000 0.00 61NIA 8-1071140[1-01 146.81 9,460M -1-% -193.15
40.00 0. -0.03 -699.99 -0.03 0.00000 0.00 LINEAR j,jo468t401 1106.51 7. 09 1Ott- 14 169.81
30.00 0. -0.60 -99999 - 0.6-aso90.00000 0.003 1.11(6 3.73666 01- 144.36 1.0113w -13 111.91
&U.00 0. -1.7A -69.99.O -81.3 0.00000 0.00 LINCAP 1-13035t#0I 116.18 1.0566181-13 143.03
10 00 0. -7.61 -099 99 -1,57 0.00000 0.00 11(6 IWP I1.10121-1 11666 I. 34637 - 13 118.16
0. 0. -.864 -"'99.2 -0.64 0.00000 0.00 L 11(66 1.070Wo1.0 44.17 3.681I0on- 13 1 Is.19

-10 00 0. -1.91 -06.M -1.91 0.00000 -0.00 LINEAR 1. 3417KC0 1 14,70 3.66631- 13 131.13
-M0.0 0. 1.64 -999.99 1.94 0.00000 -0.00 LINEAR 3.644671401 11.64 S. 096163-13 141.63
-30.00 0. 3.64 -692.99 3.34 0.00000 -0.00 L INE AM 4.33164C 61 1B. I6 1.7664C- 13 I41.64
-"-0.00 0 4.91 -69999" 4.61 0.00000 -0.00 LINEAR 4.66664101 31M.10 0.636411-lI 143.94
-90.00 a 4.63 -699. -99 4.63 0.00000 -0.00 1.11(66 4,966671-601 44.19 5.91641-13 16.106
-60.00 0. %.It -992.99 S.11 0.00000 -0.00 LINEAR6 S. 164 X 6 1 3%.77 4.14 76K1- 13 1631
-70 00 0. .89 -399 9 6.19 0.00000 0.00 LINEAR 6*.01711E601 34.91 3.701144-13 659.64
-30.00 0. 1. 41 -9V 99 7.48 0.00000 0.00 LINEAR 6. "914 11C-l0 69.1 1.00341 SE -3 165646
-60.00 0. 7.66 -999 929 7.9H 0.00000 -0.00 L.11(66 7.80105 -01 69.00 1.,131 4K -14 .56.61

D. ATA CAMl NO. 64 Rp 0 1 1ll 1000 1 000001'0I 0. 0. I.000001'0I 0. 0.

- - - RADIATION4 PA1T1RNM-

14.IA PHI VII?. HOP TOTAL. AXIAL1 TILT 6141 IIAONIYI.CI P6.461 M'ION II LC P4691
01(REES OrOKlLS DO DO 00D "AtIO 010. VOLTSIN DE0REES VOLIS/N Dr1WUt

S0. 00 0. -4.44 -999.99 -. 4'. 61# 0.00000 -0.00 LINCAP 1. 74"M # 0 1 163.90D I I I 7101- 14 -70.3n
90 00 10.00 -11 is -99999 -4.01 0.00000 0 00 LINtAP 1.761040C*01 161 73 1.13961 -11 144.10
90 '20 10.00 -3.79 -999.29 -1.79 0.00000 0.00 I IEP(A l.66461(.0 156.06 I-SUM .11 139.02
90 U0 30 00 -1.00 .999.99 -3.08 0.00000 0.00 1.11(66 1.046111.01 144,15 4.6114-1- 133.96
90.00 40.00 -2.15 -99919 9 -0.39 0.00000 0.00 1.11(6I6 " .16 7t *0aI 121.17 74 4 11 K-lII In. 3s
200.00 60.00 -1.54 -9299" -1 54. 0.00000 0.00 L INEAP 1.4430K*C0 I 116.03 1.054441-10 1N.14.77
90.00 so000 -1.11 - 19.9 -111 0.00000 0,00 LI1CAP #.66764E.01 110.11 1.314M61-10 I1I It

90.00 70.011 -1.05 -293999 -1.0' 0.00000 0 00 LINEAP I smsy34t -0l 106.70 1. 479W94 -10 106.11
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90.00 60.00 -1 .3'. *299 29 -1.3'. 0.00000 0.00 L INEAR #.%"Moo.01 90.-46 1 . 1614K -1.0 63.0
9o.oo 20 oo -1 .9 -99.929 -1 67 0.00000 0.00 L I WAR 0.'.0166CoI 6, 79 1.0119011-10 61.1'.
90.00 100.00 -1 .4% -999.99 -1 .413 0.00000 0.00 L INEAR 8641. G560 1 14..ft 3.887IK -. I 8P241
00.00 110.00 -0.36 -9999Go -0.38 0.00000 0.00 L INEAR 8.79001.0cl 11331 S.0464st-i 1380
90.00 120.00 8.70 -9919.99 3.70 0.00000 0.00 L I NEAR S. UgN IXOi .1 0.45 .7961i- 10 6.
90.00 Isoloo 1.7'. .999119 ii.0 0.00000 0.00 L INEAR' 3.38'.1E0l 6.1 s. o7963- 10 1.
90.00 140 ,00 4.80 -999. 99 4.80 0.00000 0.00 L INEAR 4 1711767c*01 *44. f 2. 6133% -10 018
90,00 160.00 $,Go -999.99 6.60 0.00000 0.00 L INCAR S. 1060K141 -I.3 9.804031-10 -0.77
90.00 160.00 6.70 -1,92. 6.73 0.00000 0.00 6I1 AR a. US01E.0I -78.30 7416147C-10 -1.00
90.00 170.00D I,111 -9.293 7.19 0.00000 0.00 LI NEAR 6.17MIX0I -70.66 4 -.0 1 101-10 -1."
90.00 160.00 Iles -999.9 7.66 0.00000 -0.00 L INEAR 7. lotI K.00I -01.00 1.6933K914' 165.1

off". DATA CARO NO. s NE 0 I I 11 0.M 0. 0. 0. 0, .0000014-0

NEAR ELECTRIC FIEILD! .-

LOCATION . X -y EK 2
x v I MAONITUCE P.lA6 MAONITWDE PIAAK MAGNINTUD PNA6I

1,1170t MEE it 4 097EAs V0Llsip' DECREES VOLi I 04 coE~E VOLISIN DEGREEs
0. 0. 0. 1.396E- I a -0.90 1 .01 GK- 10 -137.49 VA6619-01 0.03
0). o, 11.0000 1.404CE-01 71.11 6,146361C-I 105.17 9.61-1 0.04
0. 0. 10.0000 'i,SUIOt.01 WIG7 *.400iE-is 111.11 2, UM*0I 0.C04
0. 0. 111.0000 6,7911-0l 72.66 6.0314C15 141.61 9.S6AX-01 0.06
0. 0. 80,0000 6. 7167C -of10,60.1 1.09194c1- 145. n 993171-01 0.io
0. a. 81-0000 1, 07147C-01 60.30 I - 111"E-I' 14 17 ISOM3-0 0.80
0. 0. 30.0000 1.3".711-0I to 66 .I,1371-14 1141.66 O.6671-01 0.89
0. 0. "1.0000 1.01671-01 11,41 S.093u-I'.* 16.1111 1.0307tsO0 -0.41
0 0. '.0.0000 I.00791-01 -11.91 6.6801tE-14 171.61 1 .#"KOO* -3,14
0. 0. 41,.0000 .817E.00so -83.60 1. MK6- IS 1"1.41 9.1101111-01 1.10
0. 0. s0.0000 1.1771[600 -1101,81 1.0607-13 1011,119 7.%n31310 157.47

*.sDATA CARD NO. & NC 0 I II 1 0. 0. 1.000 0 .O E000 0

...NEAP ELECTRIC ?IELDI

-LOCATION -x C- IX - -

y I MAONITUDE PMASE MAGNITUDE MANA MAONIIUOE HANAS
MUMER pelt"R 1,1TER VOLTSIM D01PC6611 YCLISIM 0106615 VOLSOM 0106611
0. a. 0. V.31K- If -0.30 1..01661-Il -139.42 9.1111112-01 0.03
0. 1.0000 0. 1.40001-18 -0-W 1.0347C15-l 131.11 .61111 .1111-01 0.03
0. 10.0000 a. 5.'.07oE-le -0.9t S.3031C-16 -130.66 9,95M6E-01 0.0f
0. 15.0000 0. 1.41161-Il8 -0.93 6.16601-11 -11I.01 9.9sm6-01 0.00

0 89.0000 0. 1 '.1961-1 -0.64 1,4471C-I'4 - 107. W 9.31601-01 *0.05
0. 30.0000 0. 5,40111K-Il -0.3'. 4. WE7- 14 -106.61 9.979K1-0 1 0.01
0. 3S.0000 0. 1.3714c-18 1.317 4. olE- 14 -96.81 1.01061.0 1.19
0 40.0000 0. 5 1.3K36- It 11.61 1.111sK-1I -93.31 1.0047[400 6.03
0 45.0000 0. 5-1.1171- 14.16 4 .9409E"14 -81.14 1.10401400 14.60
0. 10.0000 0. 4.61111-it.i 80.1 w .160 13 -14 7 17 9.6844t-01 9.30

**DOA CARO NW. 7 NE 0 11 1 1 0. 0. 0. 9.00000t.00 0. 0.
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NEAR ELECTRIC FIELDS - . .

LOCATION EX - - • [

X y2 4AONIIDEl. PHAIE MAGNITUDE PHASE MAOkNIIIUD PHASE

MNC AS it TER I HET9RS VOLIIM D:ONAES V0.TSIM DE1OEIS vOLTS'iP DEGREES

0' o O 0. V9I1 E-I it 0,10 I .10lEC-1II -11.41 3.0711E-01 0,e3

S.0000 0. 0. V,341%1c-1 IeSM uSocl- 17 -"7.13 1,1iuh114 I.01 111111

10.0000 0 0. q'69f-Il[. I1341 6.11M I|1 111 1l.r90 .Ol 17.4.1
MJONO a, 0. 5.711,1 U-18 49.'71 81101K.is .146,31 9.4911K.01 to09

80.000o 0. 0. %t, Iloiif.l 61,31 1,60OK-11 IS0,11 9- 3104t-01 go-of

45.0000 0. 0. 1.11474t:-I 160.16 l.79t361.-II -104.17 1. 31@.00 -141.03

N..10000 0, o. 3,113I- It .IE -W e Mc 140.@32 ,-074t.O0 - 10•. U

$fee oATA CARD NO, I NH4 0 I I II 0, 0. 0 0. 0. .000009400

.* .. NEIA qAONHEIC I 1 - • •

SLOCATION •',X • MY - i
y z M40NITUDC PHASE MAONIYIJUOI PHAS MAGNITUDC PHASE

EPC 111 HlERS MIETC4 AMPSIIM CGREES AMP91M DEGRiES A15P1em oconcts

0. 0. 0. S.1III1 I "1 -41 .31 1.171K -03 1l. 1U41211[- I -I16.l
c, 0. SI,0D00 IIISGIC-"11 -44-641 .117UlTI-03 1.0 9tl IIr - 1. 8 .I - n

0. 0. 10,0000 5, "30C-17 -41,41 1.31371-03 1.7 1,93914-17 611.47

0. 0. 11.0000 7,10191- 17 -W".1 I,1SK-03 Ill 1 ,464X- 17 -911.7
0, 0 8 10,0000 &,hlet-17 _11.1, 1.41779-03 1.1 . 0D1lIS. I7 -*71.l1

0. 0. 11,0000 G.4&4t -I 1 -16,61 l ,S014-03 0.91 6,49%t3 -17 -43.19
0. 0. 30.0000 9, 100371.17 -II, 1 , I 3-02 0.4 G.4w616•II- -%0.02
0. 0D. 210000 sI"Olt -3.1,405 &,1011|-03 -0,04 1.nI 210t - 17 -41,00
0. 0, 40,0000 9,3604t-17 I,11 &.901K-01 -0,l6 I W, x-Is-I S -11.
0. 0. 41,0000 l, 1411- It 4,I 1 4 ,1lWK-03 1.40 1.71I1t1 11.47
0. 0. 5010000 3,52.71-17 11,17 2.61S1!-04 I1S17 .37277K1- -1.01

DATA CARD NO, 9 N44 0 I II 0a, 0. 0. 0, 5l,ncOO[*o0 0

. NHEAR MAONE¶IC FIELDS - . .

LOCATION - HX -. M - HZ
y z MAGNITU• E PHASK MA0GNIlTUD PHASE MAO, I TILE PHASE

PIE 71 Pat["S METERS AlPS/m DEGREES APPSIM DEGREES AlPI/M OKONICS
0. 0. 0. S.1611[- I7 -.41, 1 1.17, 03K -03 ,9 R,4131i-II -115.11
0. .0000 0. 1,441•E-06 -13,79 l .0114C-03 1194 I .VOE-S16 -104.10

0. 10.0000 0. 4.9113C•06 -31,I4 1,111K-OS I," ?,4384.t-16 mB-102l
0. 15.0000 0. 6~1547C.06 -116.1 1.301SE-03 1.31 3,17m -1- -100.11
0' t0 0000 0. 1.091S-.06 S 14.01 0.319•E-03 1.71 .0011c-1IS -100.11
0. esccoC 0' 11,0I1-0S -10,06 1 .341511-03 .i5 1.44541-I -101,75

0 30.0000 0. I.51[O.-05 -I l" 1.37•1(-03 1.46 IPISl. IlS -101,54
0. is 0000 0. 4.60G1C-05 -II Is• 40411-03 S I 41 I. 171-IS -121.31

0. 40.0000 0. 1 ,1 3t.04 -9.11 8,41171-02 1.1l I.I07C-16 11.I
0. 45 0000 0 S S11171-04 .".00 f 411.1Si-03 0.45 I,714K-I I l1t5.33

0, 50.0000 0. 1,000c1-0 -3.09 , I01115-03 -4, II .ISflefIS 167.19

DATA CARD NO 10 NH 0 It I I 0 0. -, Dl.OOOO0.00 0, 0
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Nc AR mA3 I IC r I ELD . .

LOCATION U-E "Y -AE MOI'
x y MAONdI !L P ýASE MAGNI TLU*OAc ~ Ad TLVI PýAS

W(coll PlCt"m PIMPSN AM91#p MOREagS 154 GICAUS acmcil sPOM KO

0. 0. . I 661C-11 -40.3 0.711ou.02107 1301531.1 -116.61
31.0000 Q. o. 4o.746KI1 -11.11 1.uco 33 031 181117t.Is 16.00
111.0000 0. 0. 4.113117c-I11 i," 1,151191K-3 "31.1 74 3.711- Is -178.30
85.0000 0, . o. S7'.4IC11 134.14 RAW U-03 3S.15 3.11W?-l 153.11
n01 000 0 0. Dl .4141t-I 1011 57 .1117C0380 11 W I 71N4K-Ill -73I.10

$6004 DATA CARD NO, It CN -0 *0 .0 *0 0. 0.0 .0

111 ?IN .life il
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EXAMPLE 10, MONOPOLE ON RADIAL WIRE GROUND SCREEN

•_• Example 10 is a monopole antenna on a sparse radial wire ground screen
using the Sommerfeld/Norton ground method. Part of the interpolation grid

from SOMNEC is reproduced so that the user can check that his code is operat-

ing correctly.

The NGF has been used to take advantage of the symmetry of the ground

screen before adding the monopole on the axis of rotation. The addition of

the monopole results in 12 new unknowns. This includes the six segments in

the monopole and segments at the junction of the six radial wires. The basis

functions for these Junction segments are modified and have become new un-

known@. The currents represented by these new unknowns are printed in their

normal locations in the table of currents.

The NGF can be tested on any of the other examples in this section by

splitting the structure at some point. The results should be unchanged,

although small differences may occur on computers with less than a 60-bit

word length.

4
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SOMNEC Iniput

4 .001 10. 1

SOMNEC Ou-put

11CC ORO"@ INTERMOATION ORIC
CIELECTRIC CNI~ANTG .O00.0I.isia

mills 0 ORO 0.0100 WIN I I
TMETI II so . OTNS 0.1740 NTH@. 10

cmv
IRSm I-.7%mc.W -sGSN~.0 I9 3WRf~O .flIcI -.gi~ta4mIc0- Imca -ms~a-I P ,Ihuc'aI0-hi.01111toaI

IRS I

-I. 1111710K'OO- I-II.I47h(0O3OII.II uha-7. .I KIoi-I -1.13% 1K$01-m.uauKMaaI .-MIuac-a.g.N7tg-aI
1R IM0I1

IND

ION 7

IN. 10

IN. II

IN. a

'97wi4~O-gUI44.0 .7g~~o~gnNc~I~,Nlh~o-~n'.,goIghgu~l~gg'4Iola.gh-15 4-7'4go



CIN.

IN& II

11I1A41..1Mt0 - .161Ko

IRS 2 
KC

-*. 7446K #01-9.111e0K*.DI.3GWe7E*0oI-.m 4K*O c 1o -3, 6510 #0 -. 51111847901-3I.6319K 4OI1-9.4CC3M.I 3.91SM'onj-9. %%&wooI'
IN. 4

-3.WOggC'o*u,311.0"470 u4S01 1911OtlI11" V& 1- 8013gK#01-. 1 1co.977I~cCI.41-,76W9401 8.7.g 419xI-'43.7574K.OI,9543049'I

IN.8 7

*flam O~I~l.~.4NiO~,bI'I~ a oKo.,l~~I4eS~o-3I'ca.3~KC*,4ogo

IN. 3

I3,754csloIl 04IWC.oI 364?1M6g01 0SIUS4OI60 3.0704VC'ci 8,788109'01 .M4, I2 .I C 1OIgCOI .4,015S.O*01 j7f7C.Cl

3.6tP7f.CI 0,3IU47toi 1.75635C -OI 9.45963C60OI-GV31SVII'1 9.SI50U.OI 3.6-04C06 I S 0460011 *0 1 3 $MOE o.0I 1 11. o .0I
IN' 4
6SOSISC.OI 1,691979001 S.4790C1.0i 7 0*7116.oI 4-999S'0I 9*.EIONOC.Oi 4-6134W4.01 C 4113611[1 4,331'4coot 11-5796K401
41415 tIC-01 0.715'74ECol MIM 1~fC01I 3.61071(O 3,S414K~o.0 -SSBSCM. 0 01 7183-1.I 6.s40oooc0o1 3?1715M 01 G."4931.01

GSVG~W7C01 5 0461oC.0I (k. 1013it.O 7.161b0C401 54306K1OIl 7,.SO4K091C6 4.9154oc'0I I. 1port1.Ci 14.BflG3$01 1 W V39U #0
4.VIGVA-(01 11,11704601I 4,01S61[0I 8.16616101 3.S6Ift'01 1,371S161.0 3.SOSI4C*0I 9.43I1O.0I 3 Sf1O .'?f1~j .5IiL'C'
111. S

1 7,114 bt 0 593is3Ic~oi *, elom 01 G. 3 MOSK.OI C.NSOK.0I 673VOIC401 5. 040K so I '~osollsol 4S"1743.olI. 3.7p47.jC aI
4 P723RO1. 7.BI61 WE01 4.03IMg61~ 1.11963CO01 3.962~N0K 0 7,317&tt*D OI 2.7764K*1. 6. 00lK'CI0 3.74BOU #0 1 U 31.011IX
IN. 7

*594L0 .0540300I 6. M35Eg a 1 1,SUI ftsoI 5961001.0I 053 01 *.331 0t O~I I r'so 6. 411d"t.go 4,611711'oI S.6 -OI I t.0
1.0210 .I17C0I3SI4[401 1.321131-01 3.GIOSIEOI 7 OISM 0 1 3.106"[41. 7.6463K 0 1 3. 111 Uso '0l GOO 7.N 03C 1

S 1181er001 4. 13159C01 1.8114RE401 14 76104tC.I S,106301401 6.4Il00C.0I S. M41[401 S. "50M. 4 111 SIU41'0Io 6.40107[o0I
4.01794[.0l 6.150OK40I LJ90330'0I 1.0440SE.OI 1. 7M f.0 1 7.135431.0j 3.6IIOSC.01 1,1413K -0 3 L5@ I 7K o1C' 73fte7t#0 1
IN. 9
9 317'..f.Q1 3.l06tSC01 7.50190[-0I 4,04561W.01 , 1111151140 4.Ifl7K*0I S.UC3W01S.0 5467641 'II0 4 .004K 0 1 S OOCICC.0I
4 UE0 6o . 414t* 1.~~eo I,6Il0S.0I 1 .745gIE.01 3,630101#01 6.,901116E60 3.,0169E01- 1. 0IM04s.0I 01 .4903.01 7. 137ME *a 1
lu- 10
g 1179SE-01 119ME401.I -.5364'It ID I 3.3330IE601 6,104740.01 4,ISSCM19O 6.81460t.OIC01 5 7041.01 4.6Ig561.o I 1S4101DE0I
4.054O71.01 6.11O71E401 3.71310E01.0 .4092IC.01 3 W17'.OC01 S.735V11.0I 3.44111t401 6.00SK01S.I. 3.105 0 lel O.SR1S3(01

9 9W3NE401v I 3903'j4O1 1.105off.0I 1.65747t.01 0.ISI33IC.V 3,74.303[401 5.1I4811001 44.SlS 010 4 43"17! 'CI 5.3ao10 .ICQ
3 95'lec.oI 5.u709IC6o1 3.810S5C.ol 5.115151t-01 3 49436#1 .536 *.S 01~o 3.3066301.0 5 6970K .0 1 1. MONK #01 6 741961.01



NH.0.1000 DO- 0.0500 P* 17
TITIiI0. OTw. 0.01113 NTH-

to. I

too 3

IN* 4
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NEC Ivnput

CMOACN't rL4CTION VOR RADIAL WINI ICRtIN MR4 IFINIT9 DOOMU
CWWOCP MADIU6 a 30. M4 I I. WAVILCNCIM RA I US)
CtsCIUN NEIGH? 0 .01 M4 I RADIAL wipEs
h~OW. 11.01. C'.. a 1. 30-.0-.,01- 003.

04S,0.0,0.4 ... Col.
No
MN
9CHCHPOCPLt ON RADIAL WIRE GROUND SCRCCN.

(N
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NEC Output

NIURICAk L CIRCftIMA |ClC COw

•-*.C0W(NT ...

GREEN'S FUNCTION fPO RAOIAL WIPE* SCIRN OVA FINITE ONOft
SCICIN NADIUS - 30, M II. WAVYINOIH RADIUS)
scRtrN HEIGHT a .01 M I RAOIAL WIREs

. . . STRUCTUE•~ PcIrIcAoIOe - •

COMO INATICS "TI11 INPUT IN
MIITr O BE SCALED 00 MITIRI
IBEORE SIAUCtURC INPUT t1 ENDCD

WIREI K, W FR•$T LAST TAG
NO. Xi YI 21 me Yj It IRAQIUS 0 Ica, 0. Mo. NO.

I 0, 0, .0,Oo00 30.00000 D, 0.01000 0,00300 It I If 0
STRUCTURE NO1AT1 D ABOUT ZI-AXIS 1 TIMS. LAIM INCRNMENEO IY 0

ORD"N PLANE SPECII0

4e,1 WIRE ENDS TOUC0H O0AINO, l CURRENT WILL K INTERIPOLATED TO IMAGE IN 0GOUND0 PILANE,

TOTAL ILOM[NIS 1)5CC It NO, SEC. IN A SYMMCTRIC CELLO It SYMMETR FLAO. -1
STRUCTE [AS i rowD ROTATIONAL SYWIETRY

MULTIPLE WIRE JUNCTIONS *
JUNCTION SIOM•TS - FOR ENU I. fOR END 1'

1 -1 -13 -15 .3"1 *-41 41

U COMENTAT ION DATA -

COCACINATES IN MITENS

I- ANO I- IP40ICATC tHE SEOMN? VICN AND AFTER I

M0 COC'OINArES OF %CO., CENrEf $00 OI4I rAT1ION ANOL.S WIPE CONNECTION DATA TAG
NO x I L[NOTI ALPHA KIA IRAQ, I u - l I. NO,

1 1.1o000 0. 0 0;000 1 50000 0. 0. 0.00300 -1i I a 0
1 3 11o00 0 0.01000 f 10000 0, 0. 0.00300 I 1 3 0

1 1.145o0 0 a 01000 ,.o0000 0 0. o.0ODoo 1 1 4 0
N."5000 0 0.0100D o 0000 o 0 0. 0.00100 3 4 1 0

S Ii 1000 a 0.01000 1,50000 0. 0. 0,o0000 4 s 6 9
6 13 'o000 0. 0 01000 21,0030 0, 0, 0,00300 1 6 7 0

IS iP500 0. O.OO0O V510000 0. 0, 0.00300 6 7 * 0
1 II 1•000 . a 01.000 .10000 0 0. 0,00300 7 1 1 0
* 11815000 0. 0.01000 1,S.000 0. 0. 0.00300 6 $ to a
I0 13.75000 0. 0.01000 8.'0000 0 0. 0.00300 0 I0 II 0
II 11,aso 0. 0.01000 1-00000 0. 0. 0.00300 10 I1 It 0
Il 21.75000 0. 0,01000 1.0000 0. 0. 0400300 II Ii 0 0
I 0.62500 .0611M 0.0O0 8.10000 0. e0.00000 0.00300 -Is is IN 0
14 1,1r700 3 l,4160 0o01000 2.10000 0 60.00000 0.00300 13 I4 Is a
is o1-400 i.41 m .0oo ,oo o,0 ,,00000 0. 60. oo 0.00300 1'4 Is Is 0
I6 4.3,7500 7.7T'R18 0.01000 2.50000 c. 6040000 0.00300 IS It I1 0
I7 S1.6110 9.74819 0 01000 1.50000 0. 111ococ 0.00300 I6 17 I7 0
Ie s 17500 11.3011111 0.01000 Po0000 0. 60.00000 0.00300 17 If It 0
19 1 110O , 14.07291 0.01000 .10000 0. 60.00000 0.00300 Ii iI 0o 0
PO 9 37100 16,1371" 0.01000 1.60000 0. 0.00000 0,00300 It to 11 0

1I 10. "Sa00 1.40304 0.01000 1.90000 0. 60.00000 0 00300 0o l1 fi 0
12 11.17500 10,•6810 0 01000 1.50000 0. 60,00000 0.00100 01 I1 13 0
1] 13 I1'10 1?.7331" 0.01000 2.10000 0 60.00000 0,00300 11 23 &4 0
24 1.3 3500 14.1=1 1 0.01000 2.10000 0. go 00000 0,00300 23 M4 a 0
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as *0.60110 1.01113l O.Ol0oO 2.50000 0. I&0.00000 0.00300 -31 ns " oft -1.67500 3,121.60 0101000 1.50000 0. ilo.ooooo 0.00300 ns ft V7
al -3.13100 S1.'.ll 0.01000 e .10000 0. 120.00000 0.00100 as 137 es 0

n 4.37s00 7,57li3 0.01000 2150000 0. 110,O0000 0.00300 37 "l to 0n -:. W WD 2. 74.L79 0.01o0 %.50000 0. i10.00000 0100300 39 29 30 0
so -6.11500 11.20711 0 OIOO0O e.10000 0, 1 ?0.00000 0.00300 n 30 31

u -S.I7l0O 16.9070 0,01000 1.50o0o 0. 110.O00000 0.00300 319 3 3 II

3'. -11.07so100 91111110 0.10 1.000 0 1.00000 .00 is 3 is I
31 -mi3.111 911.73317 0,1 30150000 0. l10,00000 0.00500 34 31 A.5
X -14.37SO0 P4.6663 0,01000 1.50000 0. Omni000 0n00 ii c1 0
37 -1.15000 -0.00000 0.01000 #.%DODO 0. -180.00000 0.00300 -41. 37 N 0
w6 -3.15000 *0.00000 0.01000 1150000 0. -160.00000 0.00300 37 30 32 0
39 -6.11100 -0.00000 o,01oo0 1.110000 0. -19o.00000 0.00300 n 39 1.0 0
4.0 -6.75000 -0.00000 0.01000 I.10000 0. -180,00000 0.00200 39 40 1.1 0
f1l *I I .no0 -0.00000 0101000 R.S0000 0. *100.00000 0.00200 '.0 1.1 11 0
41 -1 3. "ODD -0.00000 0101000 1.10000 0. -I60000000 0.00300 1.1 43 413 0
1.3 -I$. n000 -0.00000 001000O 2.50000 0. - 160.00000 0.00300 11 1.3 1.1 0
441 -10.75000 -0.00000 0.01000 1160000 0. -1f00.00000 0.00300 1.3 1.1 4S1 0
1.1 -#1.11M0O -0.00000 0.01000 1.60000 0. -190,00000 0.00300 44. 45 46 0
1.6 -13. 75000 -0100000 0.01000 1.10000 0. -1II0.00000 0.00300 4% 46 1.7 0
1.7 -39.100 -0.00000 0.01000 1.10000 0. -100.00000 0.00300 1.6 47 1.6 0
1.6 -19.75000 -0.00000 0.01000 3.50000 0. -190.00000 0.00200 41 1.6 a 0
41. -0.681100 -I 01DOM 0.0l000 3.50000 0. -110.00000 0.00300 -61 1.9 50 0
S0 -1,07100 -3,314760) 0.01000 0.50000 0. -110,00000 0.00300 4.9 10 51 0
SI -3.I13I00 -5.41 11 0.01000 3.50000 0. -110.00000 0.00100 so %I SO a
W1 -4137100 .1377711 0.01000 31.0000 0. -IR0.00000 0.00300 II 53 3 0
53 -%61100 -9,71.179 0.01000 1.10000 0. -110.00000 0.00300 Of S3 14 0
51. -6. 971100 -1140763 0.01000 .1,0000 0. -110.00000 0.00300 1111 14 11 a
N1 -3. 1S00 -I14,7cin 0.01000 .10000 0. -110.00000 0.00300 54 11 so 0
56 -9.37M0D -16.31299 0.01000 1.50000 0. 12I0.00090 0.00300 11 56 57 0
157 -10. "boo -10,4030'. 0.01000 3.10000 0. -110,00000 0,00300 so 17 w6 0
w6 *lI,I1o400 .Su 10 0.01000 3.10000 0. -110.00000 0.00300 17 1111 se 0
H6 -11-11%00 -11.73311 0.01000 3.10000 0. -Il0,00000 0.00300 16 so 0
60 -14.37100 414.11111113 0.01000 350000O 0. -110.00000 0.00200 so 60 a 0
61 0.Sm110 -I .OUlS 0.01000 8.10000 0. -6D000000 0.00300 -1 111 6 0
UI -8.1710 -3.21.760 0.01000 #,%DODO 0. -60.00000 0.00300 61 63 63 0
as0 3.1310 S1.4.Ina 0.01000 I.10000 0. -60.00000 0.00300 ISO 63 61. 0
514 4.37500 -1.617773 0.01000 1.50000 0. -40.00000 0.00300 63 61.4
65 S,60500 -6.748279 0,01000 1.50000 0. -60.00000 0,00300 61" 6eUs

96 .61200 -14,0S12 0.01000 1.10000 0. -60.00000 0.00300 6 el 67 a69 9 ,31500 -If 137 " 0 ,0 1000 11.110000 0. -60.00000 0 .00300 66 as so 15

es 10,61500 -161,4010'. 0.01000 1.S0000 0. -60.00000 0.00300 56 69 70

7 131nO-11,.1g331 0100 ISO . -60,00000C ,00 1 1 i

4*160 DAIA CARD NO. I rp 0 1 0 0 I.00000r~0I 0. 0. 0. 0. 0.
910 ATA CARD NO f ON~ ? 0 0 0 4.OOODK400. 10 0000OOO-03 0. 0. 0. 0.

D'. ATA C.ARD NO. 3 *10 -0 -0 -0 -0 0. 0. 0. 0. 0. 0.

FrPMN*~CY. I 000O(.0l PM4Z
hIAVCLCNOTH. 1,9W0C.0I PIETER$

APPROXIMATE INTEGRAT ION EMPOYED rOP SEGMENT% MORE THAN 1.000 WAVELCNOTHS, 1PARI

- . ZTPijCURE IMPEANCE LOADING- -

THIS STKXJC?*A IS NOT LOAOIEO

. - ANTENNA1 ENVIRNIE~NT - - -

rINITE GRUN SOMPIEWELD SNU.AION
RECLATIVE rIELIC~TRC CONS?.. 4.000
CO*,ThUjIIVITY. I 0CDO-03 M94O~i~iCCN
CO~PW.LLA DIELECTRIC CDNSTANT. '.,000OK00C1.00I9750&.100
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M -- ATRIX TIMINO - - -

rILL. 1,607 SEC., FACTOR- 0 038 SEC.

**..AMCRICA. GREEN• S fUNCTION FILE ON TAPC 0 **..
MATR:X STORAUC U64 COPLX E UMOK S

"OA'A CARO NO. 4 NX "0 "0 .0 -0 0. 0. 0. 0. 0,

NU[MEICAL EL.CTROMAIq eICS CODE

C OMMENTS ....

7ONP0E ON RADIAL WINE CPO SICREEN.

04 0*

,o NMRICAL GREEN'S fUNCTION
'a NO, S(Kap, • 79 NO, PATCECS a 0
*o NO. IYMItl.C SECTIS 6 S
* NO.r MIATRIX • CORE STORAGE * SiN COCiKX NUIMPS, CASE I
of rCt"Cy • 1.o0000o0oo Hzo ,
Of FINITE OROUNO. SORRE[FELO SOLUTION
*O 0RIUND PARAMCTERS - OIELCCIRIC CONSTANT 4.00000G0too
e €CONOUCTIVITY a 1,00000I-03 MHOS/,.

0elt

Go ORCCN'S FUNCTION FOR RADIAL WIRE SCREEN OVeR FINITE 00I0#C
soSCREEN RADIUJS a 30, M 11. WAVELENOYH RADIUSI

*, SCREEN HEIGHT a .01 M 6 RAOIDAL WIRS E

*....................................*... *0*... **0Se.e04. *,Se. *0@SOO.lllOOSO*00.*@*@

* STRUCTURE SPECIFICATION . -

COORDINATES MUST It INPUT IN
MIETERS OR K SCALED 10 MCETM
stUOMt STRUCTURE INPUT IS ENOED

WIRE NO, OF FIRST LAST TAG
NO XI Y ZI 21 Ye Ze RAD IUS Ka0. SE0. KG. No,

I 0. 0. 0. 6,5100O 0.00]00 6 73 16

GROUND PLANE sPEcciT lE.

IJ#4EC WIRE ENDS TOUCH GROUND., CURRECNT WILL K INTERPOLATED to IM9AGE IN CPO".1 PLANE.

TOIAL SMOMN•iTS VKD' "1 NO. SEG. IN A SYMMETRIC CELL* 71 S"YWTRT rLAb. 0

'. MLTIPL.E WIRE J..A.TIONS

'*TION SEGMENTS I.- FOR END i, * FO RNO 9
I -1 -13 - ES -37 0 46 -6 1 -73
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- - - - IiOMNIAt IOlN DATA . . . .

COORINIATES IN METERS

It AMD l- NICiTCA OTH KOIKNI UPORC AND A9'TIA I
$to. COORDINATES OF 1(0. CENI(R KO. OAICNTATICIN ANGLICS WIRL C0M"CTION DATA ?AD
No. KI v z LINGIN ALPHA K(U 440I1.4 1- 1 I, NO.

I I.1100 0. 0.01000 110000 -C,00000 0, 0.00300 -13 I 1 0
1 3.79000 0, 0.01000 1.50000 0. 0, 'g0.0300 1 1 3 0
3 9. MOOo 0. 0101000 9.10000 0. 0. 0,00300 1 2 4 0
4 11ocOO o. o.ol0oo R.60000 0. 0. 0.00200 3 4 1 0

4 1I.hoop 0. 0O'lOOD #,$0000 0. 0. .0.00300 4 1 0 0
f 13.7%000 0. 0111000 140000 0. 0. 0.00300 5 6 17 a
7 Is, Hoop 0, 0,01000 VISCOOo 0. 0. .0.00300 * 1 0
6 '10.7%000 0. 0.0100 1.10000 0. 0. 0.00100 7 6 6 0
o 11.19000 0. 0.01000 1.100O00 0. 0. 0.00310 6 1 10 a
10 83, "000 0. 0.01000 11.10000 0. 0. 0.00300 6 6 1 1I 0
It 9.019000 0. 0.01000 #,%0000 0. 0. 0.00300 to 11. 18 0
It 10.7S000 0. 0.01000 RI10000 a. 0. 0.00300 11 It 0 a
is 0.61900 1,0193 0,01000 1.50000 -0,00000 40.00000 0.00200 -10 13 14 .0
I'4 1.47500 3,14760 0,01000 0.10000 0. 00,00000 0.00200 is 14 Is 0
Is 2.111500 5.41166 0.01000 Il.OC 0. a, 60.00000 0.00300 14 1% 16 a
16 4.37100 7,S7771? 0.01000 &.%00D0 0, 60.00000 0.00300 to 1$ 17 0
17 0.6"900 C.74110 0,01000 1.10000 0. 60.00000 0.001100 1S 17 1S a
It 0.67S00 11.007" 0.01000 4.10000 0. 60.00000 0.00200 17 11 IS 0
12 .11800 14.07161 0,01000l R.10000 0. 60.00000 0.00300 to 1s to a
10 S,37500 16.13100 0.01000 #,$DODO 0. 60.00000 0.00300 II10 to V 0
11 10.61500 10.40304 0.01000 A.U10000 0. 60.000D0 0.00300 t0 #I it 0
of 11607100 110194010 0101000 #.$0000 0. 60.00000 0,04300 &1 it is 0
13 13110 1O1,R73311 0.01000 #,%DODO 0. 60.00000 00,00300 It 12 IN 0
&4 14. 1100O 14,696123 0.01000 1.50000 0. $0.00000 0.00300 22 lu 0 0
R% .0.19100 I .08153 0.01000 1,60000 -0.00000 110,00000 0.00300 '-3t7 IS1 16 0
86 3.6700 2,4760 0.01000 1.10000 0. 110.00000 0.00300o 1 -if 1v 0
V7 -3,1#500 5.4111M 0 01000 1.10000 0. 100.00000 0.00300 is 17 9 0
Of -4.117100 7,17771 0,01000 1.10000 0. 110.00000 0.00300 21 6 10 NO 0
It -16-61500 11,74119 1 '0, 01000 2.10000 0. IP0.00000 0.00300 16 *ft2 30 a
30 -6.8110C 11.90761 0.01000 8,50000 0. I10,00000 0.00300 t 10 30 1 0
31 '6. 11S00 14.07191 0.0OlcoO e.50000 0. 110.00000 0.00200o 30 It 31 0
31 -9.37100 16.13798 0,01000 1.50000 0. I10.0000 0.00300 31 31 32 a
31 -1061900O 16,40304 0.010V0 1.10000 0. 120.00000 0.00300 29 32 24 0
34 .Il.41900 l0.16110 0.01000 1.10000 0. 119,00000 0.00300 33 34 .31 0
21 '13-leb00 U1.73311 0. 0l~\7 8,50000 0. NO. 00000 0.00300 34 35 26 0

37-.l5000o -0,00000 0,01000 1.50000 -0,00000-160.00000 0.00300 -49 21 38
28 '14375000 -0.60003 0.01000 1.10000 0. I1l0,00000 0.00200 31 3S 0 0

So -II. "o 0000 .1O 15000 a, -160.00000 0.00300 40 31 40 0
41 '1.619000 .0.00000 0~I 01000 1.10000 0. *II0.00000 0.00200 31 40 1 '. 4
41 *l6.rcIooO -0.00000 v. 01000 1.10000 0. -110.00000 0.00300 40 42 144 0
%4 -1.16.7000 .0.00000 0.01000 1.50000 0. -I10.00000 0.00300 42 41 41 0
41 -216.0000 '0.00000 e 01000 9.10000 0. -190.00000 0.00300 44 41 46 0
40 *10-7100W 3.0.000 0101000 0.150000 0. -160000000 0,00300 41 44 47 0
4S -111100 "co 0 00000 0.01000 a1 10000 0. -110.00000 0.00200 46 47 416 0
46 *ft.'l000l 0.1.00000 0.01000 1.10000 0. -lI0.00000 30.00300 473 46 0 0
"4 -0.62100Q 'lO~LCO 0.01000 f110000 a - 14oo 0-I.00000 0.00300 -SI 4 49 1 0
10-t.ý00 -16 ,0 00.1400 0.01000 2.10000 0. -100.00000 0.00200 479 40 a 0
II . -3.WOO0 -1.06118 0.01000 f1$0000 -0.00 *U190.00000 0.00200 -10 42 50 0
So -4.27100 '7314716 0.01000 1.10000 0. '110.00000 0.00200 II 19 13 0
51 -31.5900 -9.7417M 0.01000 1.50000 0). -120.00000 0.00300 5l02 514 0
W' -4.37100 -l.0?l 0.01000 8.50000 0. -110.00000 0.00300 51 w' N2 0
I3 -6.110 14,0f~l 0.01000 1.50000 0, -40.00000 0,00300 14 0354 aI
16 -9.-71500 -11.91956 0.01000 8 10000 0 -I10.00000 0.00300 13 54 17 0
s7 -ID 62100 -i1.40204 0.01000 8150000 0. -1l0.00000 0.00200 54 17 be 0
56 -2,361500 -150.13710 0.01000 2.%0000 0. -ll0.00000 0.00200 17 Se 57 0
!19 -1.100o -9.7217,0 0.01000 8.50000 0l -111.00000 0.00300 56 II "0 0
60 -14.11500 .1131" 10 0.01000 1.10000 0, -110.00000 0.00200 6 60 0s a
SI -1.6100O -11.01331 C.01000 1,50000 -ý -10.00000-0 1~00 0.00200 a73 to to 0
so -1.-17100 -2.14710 0.01000 8.50000 0. -610.00000 0.00300 so 60 63 0
61 0. W.00 -1.41166 0,01ON 8.50000 -0400 -60.00000 0.002100 -7 61 62 6 0

W I 4.27100 -).147770 0.01000 1.50000 0. '60.00000 0.00200 &12 64 a5
63 0.1- M00 -5,741816 0.01000 US.1000 0U. -60.00000 0.003n0 64 63 U 0
66. 6.37100 -111017U 0.01000 8.50000 0. -60.00000 0.00300 63 61 67 0
67 6, SnO00 -9,7.0719 0.01000 9.10000 0. -60.00000 0.00200 66 67 lb a
"6 C o m 37 100 0j 0l. 2? 0 01000 1.10000 a, -60.001000 O'CA300 I7 et VI 0

S'w 0.61100O .11.40304 0.01000 1.10000 0. -10.00000 0.00200 6 111 70 0

10 11,67500 -t0.16110 0.01000 11.501300 0. -60.000040 0.00200 69 70 71 0



71 11.1r100 *il.731117 0.01000 2.5~00O0 0. -60.00000 0.00300 70 71 71? 0
'I& ý1.3TWO -14.S9613 0.01000 2.60000 a. -s.60,0300 0.00300 71 72 0 a
73 0.00000 0. 0.63500 1.21'00 90.00000 120.04000 0.00300 -I 73 74
14 0. 0 969100 1.l5000 90.00000 0. 0.00300 73 7'. 75
7#4 0. o. 3.13%00 .1,8000 90-UGODO 0. 0.003100 7'. 71 7616 0. f) N- 340 I.asooo 90.000a 0. 0.00100 70 7671 i
'Pi a 0. 14s000 1.1%00 wsooooa 0. 0.00$00 76 7 71 1s r

is o 0 £69100 1,1"000 90.00000 a. 0.00300 77 71 0

N.Cf MAINE or NEW UWNKoI. Is It

C. AVA CARD NO, I 1K a I 1 0 1.000009*00 0. 0, D. 0.0
DATA CARD NO. f AP 0 19 1 1001 o, 01 5000009*00 9.00000tso0, 0. 0

rfOCKl~iCs 1,00009*01 M*4Z
WAVtLCNOTMO 1.31601.01 MCT191

AP9NROXIMATI INXOPIAT ION 119.OYtD fON 9U04Nt% MCAC tMAN 1,000 WAVELIENOTNI APART.

. SINUIUK IMPILDANCt ~OAINO -

THII STuCI~mc It NO? LO0A(

ANTENNA CNVIAN0KNt
?INIiE W*NC'fI. S105'tRVICLO SLUVION
qcLA1vt DIELECTRIC CONS?.A 4.000
COP TIVITYV 1.0009-03 wf01Ntlm N 0
COMPLE 06OICLIC?9 CONSIAN?. 4,000001.O0-l,771701toO

*. MATRIX TIMINO,

tiLL* 34W SEC.. PACTON. a -In SEC.

.-- *,NIFNNA INPWT PARAMETERS -

VAG 110, VOL-AOC IVOLtII CURRNT 1 AMP9I INNCooAct ioov~ ANITYANdCt IIM4O11 powIN
NO, No RE AL IMAO. OfI-L IMAO. REAL IMAO. IREAi. IKAC. lWATTSI

1 13 1.00000(4.00 0. 1 0894ft-08-1.096'.3C-03 9.2l71IC'0I 1-09004940I I.C1WK-0l.8flS431.03 5I'.7OKJ-03

-CLOWNCtS AND LOCATION...

OISYANCCS IN bIAVCLtNO?141

W1. TAO COORO. 0F1t 010 LNfClA 11O. CUNWNIN 1AMPS1 . .
40. No x y LNON PC AL IMAG MAO, PHAU

1 0 0.0417 0. 0.0003 0.05933 -1 .16K1-03 6,.46IC-04 1,741it-03 110.811
e 0 0. 811 0. 0.0003 0.06339 -1 .0016E-03 1.1150t-03 1.50419-03 931,9IS
3 0 0.1095 0 . 0,0003 0.00331 -7.9111C05 1. 19161-03 1.10MK-O3 91.011

0 0.1119 a. 0.0003 0.00139 8 1.996-010 .9.391-Oo 1. 661K-03 '.6.784
S 0 0.3753 0. 0.0003 0.03132 1,33391-03 I .6371K-0' 1.319K1-01 11,19
* 0 0.416 0. 0.0003 0.0833V 1. V971SE-0 *l,687[-04 1.21'.AC-01 -911719
7 0 0.5410 0. 0.0003 0,05139 7317111-04 -1.011K-ON 1.41179-0h. -X,373
1 0 0.6114 0. 0 0003 0,00133 -3.7504C-05 -S.5164014O 91.1111-04 -93.3IN
9 0 0.7006 0. 0.0003 0.00339 *7*3,O- 4 .'77K-(* 0 -117*1- 04 -1951.IN

10 0 0. 7588 0. 0.0003 0,0933 -I -.COOK - 03 -1 .1 93C-04 1 . I0111-031 -174,071
11 0 0.8516 0. 0.0003 0.08133 *9.491SE-O4 1.9117IC-061 1.4933[-0l 170. lef
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I1 0 0. "90 a. 0.0003 0.06330 -3.0115E-04 1.143X-OS 3.O1671-04 16.g400
13 0 0.0106 0,0351 0.0003 0,00339 -1,.1I1K-03 6.460l1-04 i.7141i-03 69l,81
I14 C 0.0615. 0.1013 0.0003 0.08339 -1,00C-03 I.1I1%o-0J3 1,504)1-03 131.155

o u 0,1048 0.1600 0,0003 0.0l331 -7. 1W51-05 I,11i1M.-03 ,6118W-03 9i3.111
5 , 0.16%6 0. two 010001 0.014339 C 15SX-04 6.|•swot -0 1, i.61-03 45.766

17 0 0.117* 0.US30 ,0001 0.01111,31 1 I. K-03 1.137ft-04 i .3%$K-03 11.i1i
is 0 0a1113 0.2178 0.0003 0.00339 1.1117K-03 -8.61,71-04 I .31049-03 -11-718
10 0 0,0710 0.4694 0.000A 0.00-31 1,016it[*0 .541K"-04 ,.Il1179,04 .31$3
10 0 0,1117 0.541l 0.0001 0,0131 -i.151t1-05 Sslii-01o4 6.1 •-04 -173.8
1. 0 0. 3114 0,6131 0,0003 0.0U131 *7.5140-.04 -3.147K-0, 11.I`797-014 -10. 60
It 0 0,3141 0,I01 0.0003 0.08339 -1.01 l, 1-03 6.I11.0IK04 I.AISK-03 -17.,071
IS 0 0,4o79 0.7103 0,0003 0.01331 -9.491K-04 1.16117-09 1.04111-03 131.15
87 0 0.4179 0,1300 0,0003 0,01331 -3.,61IKw40 1.3•1b -05 1,01179-04 17.•1,41
10 J ,0,0101 0,0MI1 0,0003 0,001330 *.I4I3IK-0 6,31 -0,-04 11it-03 '0.,811
N6 0 -0.015S 0.1063 0.0003 0,08133 -1.0033 -30 1.1150t-03 1.10461-03 131.116
30 0 -0.1041 0,1103 0,0003 0.01330 ,1,,18MS . S0*71-03 I.I3661-03 -13.01
39 0 -0.1490 0.11611 0.0003 0.06339 9,1042044 161111-04 1 1 I-03 46.70
&0 0 .0.3116 0,.140 0.0001 0.01331 I6133.-03 1,4|?7K-04 1.,36001-03 II,.106
30 . ' 4.0.35' 0,.678 0.0003 0.016330 l7.2140-0 .1,116#79-04 1,31M,7-03 -1.7811
31 0 -0.17u0 0.4411 0.0003 0,013116 7,8f141.-03 -R.1350K-04 l.411t-04 -3.1371
3W 0 -0.1111 0C.716 0,0003 0.01030 .7.4,151.0'. l.65,114A -04 36M3-04 -13.11M
33 0 -0,3544 0,1630 0.0001 0,01330 -,..11 .04-3,'M477K-054 1.0701p,-04 9-1". U1
34 0 -0.0•61 -0.000 0.003 0,011630 -1, M6K-03 -.I A1€*04 I,16101-03 114. 071
3$ '0 -0,4171 0.70603 0.0003 0.01131 -4.001bt-04 1.01*1-03 l6 10'.IC-03 170. 11
35 0 -0,4710 -0.0000 00003 0.01309 -1.615•0-0 1. 43,-O0 31.011.703 - 1141,

10 0 -04417 -0,0000 0.0003 0.0833, -S.616K-03. 6.36O36-04 1 .%l66-03 400.11138 0 -0. Ii -0,0000 0,0003 0.04133 -1,OW01 90C.00 1%00-0' IlK-0 l IW. 136
N 0 -0.101 -0,0000 0.0005 D.0IouI *7.761K-0G I- 101-03 1. 3I, -03 93.011
40 0 -0.1111 -0.0000 0.0003 0.01S396,170,I-04 I.31U5-04 I,41171-04 -3.M3
41 0 -0Qr'$ -0.0000 0.0003 0.06336 I3,$$sI-03 1.1037K-04 1511WK-03 I1.166

,41 0 -040M6 -0.0000 0.000: 0.0631" .8170C-03 -P,47171-04 1.3154C-03 -I116.1
43 0 -0,O7,90 -0,0000, 0.0003 0,0311. '-IS.iNI-03 -543IK-04 ,.,10171-04 -,17473
'44 0 -0.675 -0,0000 0,0003 0.06331l -6.4O,9-00 -. 6,1649-94 6.463-04 -176.1M
46 0 40.500 M -0.0000 0,0003 0,00339 -'3.%11t-04 .3,,477K-0 1,111-0414-IN,15
46 0 0,.09ME -0.0000 0.0003 0M0M331 -I06K19-03 -1.413011-04 1,10M-03 -117.071
40 0 -0.05 -0,0000 0.0003 0.06330 -0'.011%C-0 I.ITI0100 l,463X-03 170, $0
4I 0 4010%590 "0.0000 0.0003 0.013309 "3.111['04 "1.343W-05 3I.0167t-04 16.491
40 0 40.016 -0.103M 0.0003 0.011311 *1.6531-0' V361011"-04 1,411[-03 I1.7I6
10 0 '-0106M7 -0.1013 0.0003 0.0l331 1 .3001-*03 1,3I1109-0 1,104lC-03 1I1M.It
$1 0 -0ot041 -0.I10S U00003 0.01339 7. .171103-1.6017-03 I'1.1541-03 311791
W5 0 -0.1451 -0401'. 0.0003 11.01.6331 7. 1SX-04 10.311-04 1. I41K7-04 -3.70

0 -0.1076 -0,•15D 040113 00133531 .37131-03 1.6371-04 1,1369-03 I-I6II
67 0 -0,1111 -0.3071 0.0003 0.01331 -. 6140-03 -I.7751-04 1.1767-03 -115,811
63 0 -0,1I0 ,-0,.4II 0.0003 0.08163 7 1.II0 -03 -5.11016t-04 1.41-04 -17,373
16 0 -043101 .•0,516 0,0003 008331l -3.,7904-09 S-6111•-01 5.41311-04 -13,M1
1O 0 .0.5446 -0.05 ,00003 0.0035 -,31409-04-'-.477.M-04 0,1717[-0. .165.61i
N1 0 .0,3041 -0.061 0.0003. 0O013 -I .i K-03 1 1.139011-04 1.74 1.-03 .17.011
SO 0 -0.4370 -0.1103 0.0003 0.01313 -0.006Sl-03 1A.1I50-03 I5413X-03 1700,0
60 0 0.0415 -0.6305 0.0003 0.06331 -1.01115-04 1.64661-03 .161VI-04 76 4811
M4 0 0,0101 -0.0351 0.0003 0.01630 -1.61K1--05. 11.361[-0. 1.741I6-03 158.161
6W 0 0.05'6 -0,1013 0-000 0,03193 -1.0351-03 1.11071-03 1.5941t-03 Ill.I6N
63 0 0.1041 -011005 0.0003 0,00331 -1,9S7[-03 I .-ll6 -03 i .IM3 -03 13.711
67 0 0.1450 -0.4694 0,0003 0.0631.0 9.1551-04 -,.391M1-04 kII47-03 -36.313
66 0 0.11676 -0,Mu 0,0003 0.06339 1,333K709-03 -G.1K-04 1,I51••-03 I9.6,I
69 0 0.3293 -0,3936 0 0003 0.00339 1,I871E-03 -R.'75L1-04 1 311,*1-03 -11,7111
67 0 0.171I -0.4614 0.0003 0.00339 7.1'111C.-0 -5.5115C-04 9,4117t-04 -36,713
7o 0 0.3117 -0.5416 0.0003 0.0039 -3,594[-50 -6.5164(-04S W5. RT -04 .93.61"
79 0 0.3547 -0.6130 0,0003 0.016139 --7.11"10-4 1.34753-04S 319671-04 -155,165
7.0 0 0.0011 -0,1061 0,0003 0.00'1 1.0-NDE-03 -k1.0O-04 I.OS10 -03 -17.I071
4 0-3 -0. 3 00 03 -0 0 ,419 S66 04 I1.17t1-05 9,49301-04 I1703,i
s 91 0. ý 47 -VO35 0 0.006 0.01331 -,1-1I1-04 144133t-056 3.6101-03 116.481
5 ,1 0.0000 C. 0.0214 0.04169 1,0e1-08 -1.00114C-03 6.757OK -01 -IIS1 l74,. 1 0. 0.0619 0 041629 6470'90[03 .9-174OL-03 9. W r.-03 -11,703

is 1 0. 0. 0.104'6 0.04160 6 681-031,. -1,063M -0 3 6.6190r-03 .13-ISI
is 0. 0, 0,N63' 0.++0016 &,]+S[-03 -1 .7IN[-0.1 1.7%7 X-0 3 -14,717

77 1 0. 0. 0 1110 0.04191 4.14SI0-03=-1,1713t-03 4,4037t-03 -I1.411
70 1 0. 0. 0.1197 0,0411 I 55351M-03 -4.46331-04 1,61*4t-03 -IC630

- - - PO(tM ID0,(1:T - - -

INPU? PO10 - 5.,1471C-03 WAII
AIA0IA?10 P00.690 ,14711-03 WAI, S

SI6JC?I1 Loss. 0. WSITS
NC7WORK LOSS m 0. WATIS
ErICICNCY v 100 00 P1•C;NT
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* - ADIAT ION PAflIOMN .-
-ANLC1 POWER OAINS . - O AItON. . IHTI. . ....THETA PHI1 vIpy. NOR TOTAL AXIAL TILT' SENSE TAONITLIO PHASE HiAONI I UCc PWAIC~DEVEL6U(MLES 08 Do 06 RATIO Deal VOLTS/m MAKE%1 V0I.?9im OCOMS1

9.0 0. *I6.0- t M1."3 *19.99. a,00 o.ooL*C 1,771"63-c 116.17 I1, l4ft -I *:sl6,610c 0. *16-04 -911.11 *160.i 0.00000 0.00 LINEAR 0.11i63I1-ok 189.1.7 8171300.-11 -III.15 410.00 0. *10-11 *990.Ig 40,.19 0.00000 0.00 LINEAR 01.07691C.09 1110. 1,3140411-ll11 76181igloo 0. .16-70 *3-996 -16..i 0.00000 0.00 LINEAR 0 03171i-oI 111.14 71,9633K-1l 16479190-0 0. -14.70 -910. " .I4.77 0.00000 0.00 L ItsAM l1.INII.0l 11t.77 1^3374-I I 171.3910.150 0. -11.77 101-099 -11.7 0.00000 -0.00 L INEAP 1.SmiO-Ol 9.671 1. 137Kp-lI *1 6117S39.00 0. *971S -001.9 " -1.91 0.00000 -0.00 LINEAR 1.0170FIC-v 06.01 1,83.16111- -176.11.0.00 0. -7.20 -ggg." i,1 0.00000 -040o LINCAl 11s81g1K-01 so-$I J.901.091-1 .164.4140.s0o -6.1.6 -M1961 .3444 0100000 -0,00 LINEAR 1.4149317-u 7,17 10,4116K-g *lU,17.~10.00 -.*.469 -190,71l -S4,6 0.cces0 -0.00 LINEAR 3.913619-o 71.1l 4,.94 K-Il1 -137.8610.00 0 -4.44 -197.4s -4.66 0.00000 -0.00 LINEAR 3.1.I7MI-01 1.134 6,11.77711-1i i3.4o60.00 0, -4.03 - 11. 40 -4.03 0OG00c0 *0.00 LINEAR 3,49364t-01 73.11 I1.1 e. 11.u 140,189.00 0. -4.16 -116.64 1.416 0.00000 0-000 LINEAR 3.1.1.1K-Ol 76.01 C.1711K -I 1 -11.6,1870.00 0. 4.64 -107 417 -4.61 0100000 10,00 4 INAR 3l4I1aig-0l 71-11 7,.43107C.11 *I14.4,13715.00 0. 51,76 -11". 04 -1.76 0,00000 -0.00 LINEAR 8.1621,70it-01 76.10 S.,1893K I I -141. "160400 0. -7.03 09g~. 91 -7.03 0.00000 -0.00 1INEAP 9,I-UVIC-0 76.16 4,.49434-1.1- -141,1$7"61.0 0. -18.3f -011.- -18.31 0.00000 -0.00 LINEAR ,1.13"M-01 76.,46 1, 40ISE- 1l -140.07390100 01 M. -mw-"I,9 ,i. " 0. 0. 1.53019-11- -1"90,g 7.5gosgit. 3,710. 9000 -93. " *909 ,g j99, 0.9.SO a. slitifunI&Kl .14.626 IlINKs-Ili -11.91.44100o 10100 -11.004 .199.9It -11,01. 0.00000 0.00 INEAR 1,77 17K -01 161017 10. 0 1 K11- _1019110.00 91000 -10.19 - .91.9 -80.10 0.0000 -0.00 LINEAR 0,1.IWI(.0l 110.1.3 9,0. 04P-tII -141, "11.00 10.00 -16.76 *091.1 -1.1.6 0.00000 -0.00 LINEAR l,0711C-08 11l.1 11.1106111i- II -104.0410.00 110.00 -14.09 -M,.9 -14.01 0,00000 -0.00 L INAR I.0lN7:-0I M4111, 8.19ow 16 1 .16113091.00 90.00 *11.71 -M1.9 -11,71 0.00000 -0.00 1.INEAR 11.4%1.SK1-0 1 91131 11.6M57911 -170,01130.00 I0.00 -1,57 -39229.9 1.S17 0.00000 -0.00 1INMAR I,We1.UC-01 61.1.0 80131.7C-Il ITT.713Moo 10.00 -7.79 -"09.3 " .717 0100000 0.00 L IW*P R,8931 -el 77,71 1,17110C.11 111.964.0.00 90.00 "-1.1 -992.9" -6.11 0.00000 0.00 LINEAR 8,71661.-01 74.03 l.609c11.- I "9. 604.1.00 90100 S1.05 -3112.93 -1.05 0.00000 0.00 LINEAR 3,101 7-0g 71.07 1l.U01.3X -I 51.0910.00 90.00 -4.11 -099," -4,11 0.00000 0.00 LINEAR 3.419V11C-0 1 70.90 1. 391`47t -i 711.14"55,0 20000 -3.11 -990-99 -3.63 0,00000 0.00 L INEAR S,.63 1 Y1-01 70.45 8 9,01163C-l1 U.1.760.00D 00.00 -3.49 4909291 -3.1.6 0.00000 0101) LINEAR 3.71fl11-0I 70.13 3.31.0111- I 1"I1.59.00 00.00 -3.96 -400.9" -3.19 0100000 0.00 LINEAR 3.613001-01 70.61 3."9.7t--11 41 to70,00 so000 -4.11 -199,.99 -4.11 0.00000 0.00 I.NEAR 3.461"74c-0 1 fl,09 34391111IC-1I 6.41.75,00 go 00 -5.10 -"Vgo -%.1t 0.00000 000g LINEAR 3.011171-01 71.11 I.1M161-Il 1.4,S380.00 00.00 0-t.l -"g. so -1,16 0.0000 0.00 LINEAR 1.40601-01.E 71.01 9. 8041K -I 11.3 II",D.o 00.00 -11.76-169,029 -11,76 0,00000 0.00 LINEAR 1,43511l1.0 70.31. 1. 101171-Il1 43-33
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Section V
Execution Time

The program execution time depends on the number of patches and the

number of wire sepents used. The central processor time approximately

follows the formula

T w T1 + T2 + T3 + T4

T1 - (AIkN5 2 + A2p2 + A3 kN p 4+ A4c)/M

T2 - B (NI + 2N) 3/M2 ,

T3 0 CNe (Na + 2N) 2/M,

T4 w DkN f (NI + 2N) )

where

N a number of wire segments,5

N z number of surface patches,p
N 0 number of connections between a wire and a surface,c
No M number of different excitations,

Nf a number of far-field calculation points,

M - number of degree. of syetry,

k a 1 for structure in free space,

2 for perfect ground or reflection coefficient approximation, and

4 for Sommerfeld/Norton method.

T1 is the time to fill the interaction matrix; T2 is the time to factor the

matrix; T3 is the time to solve for the currents for all excitations; and T4

is the time to calculate far fields.

The proportionality factors depend on the computer system on which the

program is run. The factors in seconds for a CDC 7600 computer when the

matrix fits in core are roughly

Ak1  3. (10o)4

A2 * 5. (l0-),

A3  5. (10-24

A4  * 2. (10")2

B - 2. (10")6

C 4. (10-)6 and

D *• 6. (o-5)6
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When the extended thin-wire kernel is used, A is increased by about 18

percent. If the approximation for large interaction distances is used with

RKH a Ro, then AI is multiplied by (1. - 0.7F) where F is the fraction of all

segment pairs for which the separation Is greater than Ro.

Unless a large number of excitations or far fields are requested, T

and T2 will account for nearly all of the running time. If the matrix does not

fit in core storage, T1 and T i2 ill be larger than indicated above. They may

be much larger if I/0 time is included.

The code SOMNEC requires about 15 sec to write the Soimerfeld/Norton

data file on a CDC 7600 computer.

-166-



Section V1
Differences Between NEC-2, NEC-I, and AMP2

The following are features of the NEC-1 code that differ from AMP2:

e A new current expansion is used with continuous current and current

derivalive along wires. The expansion enforces new conditions at

multiple-wire junctions and allows for current flowing onto the end

cap at an open wire end.

* Where a wire connects to a surface, the surface-current expansion is

related to the current at the base of the wire rather than at the

center of the last wire segment.

e An optional voltage source based on a discontinuity in current slope

is available.

e In the thin-wire approximation, the current filament is on the wire

axis and the observation points are on the surface.

e An optional extended thin-wire approximation is available.

a Either a perfectly or imperfectly conducting ground may be used with

surface patches.

e Either a perfect or imperfect ground may be used with an incident

plans wave.

e Some constants have been changed including the velocity of, light

(2.998 x 108 m/sec.) and the default frequency (299.8 HHz).

e The wire-segment connection numbers have new meanings.

s The radiated field is the field at a range R multiplied by R, with R

approaching infinity. In AMP and AMP2, the field is multiplied by

e Both near electric and magnetic fields may be computed, The NF card

is no longer used.

e Charge density may be printed for wires.

e The PT card is no longer cancelled by a new EX card.
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The following are features of NEC-2 that differ from NEC-i:

0 The NGF option has been added.

0 The restart option has been removed.

0 The Sounerfeid/Norton method has been added,

0 aximum coupling between antennas may be computed.

* Wires may have tapered radius and segment lengths.

* Patches may be specified as triangles, rectangleas or quadrangles,

0 Rectangular surfaces with multiple patches way be specified.

0 The SS card for surfaces has been eliminated.
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Section VI!
File Storage Requirements

Depending on the requirements of a run, NEC-2 may use the following

files.

11, 12, 13, 14, 15, 16 - scratch files for matrix manipulations.

20 - NGF file.

21 - Sommerfeld/Norton data.

The scratch files are used only when the matrix will not fit into core

storage. For a case that does not use the NO? (but may write a NGF file),

there are five options for matrix storage. If

N w the number of equations (number of sepents plus twice the
number of patches),

Nx - the number of equations for a symetric section, and

IR " number of complex numbers for the matrix in core storage

(4000),

then the cases, indicated by the value of ICASE in the code, are:

ICASE

1 matrix in core, no symmetry (N2 91R).

2 matrix in core, symmetry (NN x S IR).

3 matrix out of core, no symmetry (N2 > I ).

4 matrix out of core, symetry, blocks fit in core

(NNx > IR, Nx2 S ).

.5 matrix out of core, symmetry, blockS do not fit in core

(Nx2 > IR).

File storage is used for cases 3, 4, and 5. Only the four files (11, 12, 13,

and 14) are used when the NHG is not in use. The size of each file is

approximately 2NN words. If the computer system requires that the user

specify the file size, a safety margin should be included in the request. A

"-'ore accurate estimate of the file size is

L a 2N Nc [N/xNc + 1]

where
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N [LR]
c 2NJ

and i] ndicates truncation. N., which is the number of matrix columns in an V
I/0 block, must be at least 1.

When the NGF is used, all six scratch files may be required. For the

NGF the matrix is partitioned into four sections as

C D

A is the matrix for the NGF structure and is factored before the .•0F file if

written. The storage case for A is indicated in the NOF label by the value

of ICASE (see example 10 in section IV). When the NOF is used, matrix A is

read from file 20 and, if ICASE is 3, 4, or 5, is stored on file 13. The

size of file 13 when the NO ias used is approximately:

ICASE Lensth of file 13

3 4N2

4 2NN x

5 4RNX

There are four options for storage of the matrices B, C, and D. These are

associated with the integer ICASX as follows:

ICASX

1 A.R, B, C, and D fit in core together where

AR w A for ICASE w 1 or 2,

- one 1/O block of A for ICASE a 3 or 5,

w one mubmatrix for ICASE m 4.

2 B, C, and D fit in core but not with A,. This is. possible

only for ICASE w 3, 4, or 5 when A does not need dedicated

space in core. AR and B must also fit in core together.

3 B, C, and D do not fit in core, but D fits in core alone.

A and D must fit together if ICASE w 1 or 2.

4 D does not fit in core.

The sizes of matrices B, C, and D depend on the number of new unknowns

N wheren

N *N+ Nt + 2 Np + 10 Nq,

N U number of new segments added to NGF,
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Nt a number of NGF asgments connected to new segments or patches,

N a number of new patches,
p
N a number of NGF patches connected to new segments.

The slzes of matrices B and C are 2 N nand the esie of D is 2 N words. The

file lengths are approximately 2 Nn2 words for files 11 and 12, and 2 NN for

files 14, 15, and 16. When ICASX is I these files are not used, and when

ICASX is 2 file 16 is not used.

The length of the NGP file (20) is approximately 4 N (Hx + 3). The

length of the Sonuerfeld/Norton data file (21) to about 2200 words.
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Section VIII
Error Messages O

1. CHECK DATA, PARAMETER SPECIFYING SEGMENT POSITION IN A GROUP OF EQUAL

TAGS CANNOT BE ZERO.

Routine: ISEGNO
This error results from an input data error and may occur at any point

where a tag number is used to identify a sepent. Execution terminated.

Data on the NT, TL, EX, and PT cards should be checked.

2. CONNECT - SEGMENT CONNECTION ERROR FOR SEGMNT .

Routine: CONNECT

Possible causes: number of segments at a Junction exceeds limit;

segment lengths are zero; array overflow.

3, DATA FAULT ON LOADING CARD NO. * ITAG STEP1 • IS GREATER THAN

ITAG STEP2 - .

Routine: MAIN
When several segments are loaded, the number of the second segment

specified must be greater than the number of the first segment.

Execution terminated,

4. EOF ON UIT_ _NBLKS - _ _NEOF -_ 0
Routine: BLCKLN, entry point of BLCKOT

An end of file has been encountered while reading data from the unit.

NBLKS determines how many records are read from the unit. NEOF is a

flag to indicate which call to BLCKIN iniciated the read. If NEOF a

777, this diagnostic is normal and execution will continue. Otherwise,

an error is indicated and execution will terminate.

5. ERROR -- ARC ANGLE EXCEEDS 360. DEGREES

Routine: ARC

Error on GA card.

6. ERROR - B LESS THAN A IN ROM2

Routine: ROM2

Program malfunction,

7. ERR.OR - FR/GN CARD IS NOT ALLOWED WITH N.G.F.

Routine: Main

See section 111-5. 1
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8. ERROR -- CORNERS OF QUADRILATERAL PATCH DO NOT LIE IN A PLANE.

Routine; Patch

The four corners of a quadrilateral patch (SP card) must lie in a plane.

9. ERROR - COUPLING IS NOT BETWEEN 0 AND 1

Routine: Couple

Inaccuracy in solution or error in data.

10. ERROR - GF MUST BE FIRST GEOMETRY DATA CARD

Routine: DATAGN
See section I11-5.

11. ERROR IN GROUND PARAMETERS - COMQLEX DIELECTRIC CONSTANT FROM FILE

is REQUESTED.

Routine: MAIN

Complex dielectric constant from file TAPE21 does not agree with data

from GN and FR cards.

12. ERROR - INSUFFICIENT STORAGE FOR INTERACTION MATRICES.

IRESRV, IMAT, NEQ, NEQ2

Routine: FBNGF

Array storage exceeded in NGF solution.

13. ERROR - INSUFFICIENT STORAGE FOR MATRIX

Routine: FBLOCK

Array storage for matrix is not sufficient for out-of-core solution.

14. ERROR - NETWORK ARRAY DIMENSIONS TOO SMALL.

Routine: NETWK

The number of different segments to which transmission lines or network

ports are connected exceeds array dimensions. Execution terminated.

Array size in the original NEC deck is 30. Refer to array dimension

limitations in Part I1 for changing array sizes.

15. ERROR - LOADING MAY NOT BE ADDED TO SEGMENTS IN N.G.F. SECTION

Routine: LOAD

See section 111-5.

16. ERROR - N.G.F. IN USE. CANNOT WRITE NEW N.G.F.

Routine: MAIN
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17. ERROR - NO. NEW SEGMENTS CONNECTED TO N.G.F. SEGMENTS OR PATCHES

EXCEEDS LIMIT.

Routine: CONECT

Array dimension limit.

18. FAULTY DATA CARD LABEL AFTER GEOMETRY SECTION.

Routine: MAIN

A card with an unrecognizable mnemonic has been encountered in the

program control cards following the geometry cards. Execution

terminated.

19. GEOMETRY DATA CARD ERROR.
Routine: DATAGN
A geometry data card was expected, but the card mnemonic-is not that

of a geometry card. Execution terminated. After the GE card in a

data deck, the possible geometry mnemonics are GE, GM, OR, GS, GW,

GX, SP, and SS.

The GE card must be used to terminate the geometry cards.

20. GEOMETRY DATA ERROR - - PATCH - _ LIES IN PLANE OF SYMMETRY.

Routine: REFLC

21. GEOMETRY DATA ERROR - - SEGMENT - _ EXTENDS BELOW GROUND.

Routine: CONECT

When ground is specified on the GE card, no segment may extend below

the XY plane. Execution terminated.

22. GEOMETRY DATA ERROR - - SEGMENT LIES IN GROUND PLANE.

Routine: CONEUT

When ground is specified on the GE card, no segment should lie in the

XY plane. Execution terminated.

23. GEOMETRY DATA ERROR - - SEGMENT LIES IN PLANE OF SYMMETRY.

Routine: REFLC

A segment may not lie in or cross a plane of symmetry about which the

structure is reflected since the segment and its image will coincide or

cross. Execution terminated.

0
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24. IMPROPER LOAD TYPE CHOSEN, REQUESTED TYPE IS-
Routine: LOAD4 Valid load types (LDTYP on the LD card) arq from 0 through 5.

Execution terminated.

25. INCORRECT LABEL FOR A COMMENT CARD.

Routine: HAIN
The program expected a comment card, with mineonic CM or CE, but

encountered a different mnemonic. Execution terminated. Coumment card.

must be the first cards in a data set, and the comments must be

terminated by the CE mnemonic.

26. LOADING DATA CARD ERROR, NO SEGMENT HAS AN4 ITAG--
Routine: LOAD

ITAG specified on an LD card could not be found an a segment tag.

Execution terminated.

27. NO SEGMENT HAS AN ITAG OF

Routine: ISEGNO

This error results from faulty input data and can occur at any point

where a tag number is used to identify'a segmept. Exec~tion terminated.

Tag numbers on the NT, TL, EX, CP, PQ, and PT cards should be checked.

28. NOTE, SOME OF THE ABOVE SEGMENTS HAVE BEEN LOADED TWICE, IIEDANEES

ADDED.

Routine: LOAD

A segment or segments have been loaded by two or more LD cards. The

impedances of the loads have been added in series. This is only an

informative message. Execution continues.

29. NUMBER OF EXCITATION CARDS EXCEEDS STORAGE ALLOTTED.

Routine: MAIN

The number of voltage source excitations exceeds array dimensions.

Execution terminated. The dimensions in the original NEC deck allow

10 voltage sources. Refer to Array Dimension Limitations in Part 11

to change the dimensions..

30. NUMBE~R OF LOADING CARDS EXCEEDS STORAGE ALLOTTED.

Routine; MAIN

The number of LD cards exceed3 array dimension. Execution termtnated.

-175-



The dimension in the original NEC deck allows 30 LD cards. Refer to

Part 11 to change thea dimensions.

31. NUMBER OF NETWORK CARDS EXCEEDS STORAGE ALLOTTED.

Routine: MAIN

The number of NT And TL. cards exceeds array dimension. Execution

terminated. The dimension in the original NEC dockc allows 30 cards.

Refer to Array Dimension Limitations in Part 11 to change the

dimensions.

32. NUM3ER OF SEGMENTS IN COUPLING CALCUL.ATION (CP) EXCEEDS LIMIT.

Routine: MAIN

Array dimension limit.

33. NMBER OF SEGMENTS AND SURFACE PATCHES EXCEEDS DUkMNSION LIMIT.

Routinei DATAON

..The suumof the number of seg-Ments and patches is limited b$ý dimonutJoR$-#'
The present limit is 300.

34. PATCH DATA ERROR.

Routine: DATAGN

Invalid 4ats. on. SP, SM, or SC card; or'SC card not tound wherer ruir..

35. PIVOT(_)u~

Routine: FACTR (in-core) or LFACTR (out-of-core)

This will be printed during the Gauss Doolittle factoring of the

interaction matrix or the network matrix when a pivot element laws than

0-10 is encountered, and indicates that the matrix is nearly singular.

The number in parentheses shows on which pass through the matrix the

condition occurred. This is usually an abnormal condition although

execution will continue. It nay result from coinciding segments or a

segme~nt of zero length.

36. RADIAL WIRE G.S. APPROXIMATION MAY NOT BE USED WITH SOMOMERFELD GROUND

OFT ION.

Routine: MAIN

37. RECEIVING PATTERN STORAGE TOO SMALL, ARRAY TRUNCATED.

Routine: MAIN

The number of points requested in a receiving pattern exceeds array

dimension. Execution will continue, but storae$ of normalized pattern
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will be truncated. This array dimension is 200 in the original NEC

deck. Refer to Array Dimension Limitations in Part II to change

"1.0 dimension.

38. ROM2 - - STEP SIZE LIMITED AT Z *

Routine: ROM2

Probably caused by a wire too close to the ground in the Soinerfeld/

Norton ground method. Execution continues but results may be inaccurate.

39. SBE - SEGMENT CONNECTION ERROR FOR SEGMENT-*

Routine: SBP
The number of sepents at a junction exceeds dimension limit (30), or.

the connection numbers are not self-consistent,

40, SEGMENT DATA ERROR.,

Routine: MAIN

A segment with zero length or zero radius was found. Execution

terminated.

41. STEP SIZE LIMITED AT Z * ,

Routinet INTX, H'K

The numericas integration to compute interaction matrix elements, using

the Romberg varieble interval width method, was limited by the minimum

allowed step size. Execution will continue. An inaccuracFy may occur

but is usually not seriots, May result from thin wire or wire close

to the ground.

42. STORAGE FOR IMPEDANCE NORMALIZATION TOO SMALL, ARRAY TRUNCATED.

Routine: MIAIN

The number of frequencies on FR card exceeds the array dimension for

impedance normalization. An impedance beyond the limit will not be

normalized. Execution continues. The limit is 50 in the original NEC

deck, Refer to Array Dimension Limitations in Part II to change limit.

43. SYMMETRY ERROR - NROW, NCOL -

Routine: FBLOCK

Array overflow or program malfunction.

44. TBF - SEGMENT CONNECTION ERROR FOR SEGMENT .

Routine: TBF

Same as error 39.
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45. TRIO - SEG4ENT CONNECTION ERROR FOR SEGMENT

Routine; TRIO

Same as error 39.

46. WHEN MULTIPLE FREQUENCIES ARE REQUESTED, ONLY ONE NEAR FIELD CARD CAN

BE USED - LAST CARD READ IS USED.

Routine: MAIN

Execution continue.
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